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In the Deese-Roediger/McDermott (DRM) paradigm, distinctive encoding of list items typically reduces false recognition of critical lures relative to a read-only control. This reduction can be due to enhanced item-specific processing, reduced relational processing, and/or increased test-based monitoring. However, it is unclear whether distinctive encoding reduces false recognition in a selective or global manner. To examine this question, participants studied DRM lists using a distinctive item-specific anagram generation task and then completed a recognition test which included both DRM critical lures and either strongly related lures (Experiment 1) or weakly related lures (Experiment 2). Compared to a read-control group, the generate groups showed increased correct recognition and decreased false recognition of all lure types. We then estimated the separate contributions of encoding and retrieval processes using signal-detection indices. Generation improved correct recognition by both increasing encoding of memory information for list words and by increasing memory monitoring at test. Generation reduced false recognition by reducing the encoding of memory information and by increasing memory monitoring at test. The reduction in false recognition was equivalent for critical lures and related lures, indicating that generation globally reduces the encoding of related non-presented items at study (not just critical lures), while globally increasing list-theme-based monitoring at test.
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INTRODUCTION

Researchers have long been interested in techniques that can improve memory accuracy. Many of these techniques involve encoding tasks that induce a “deeper” level of processing of study materials (Craik and Lockhart, 1972; Craik, 2002). Examples include pleasantness ratings (Hunt and Einstein, 1981), generation (Slamecka and Graf, 1978; Bertsch et al., 2007), production (Conway and Gathercole, 1987; MacLeod and Bodner, 2017), and survival processing (Nairne et al., 2007; Nairne, 2015). Other techniques focus on enhancing retrieval-based processes such as ensuring a match between cues at study and test (Morris et al., 1977; Blaxton, 1989) and instructing participants to stringently monitor their retrievals (Brainerd et al., 2001; Huff et al., 2011). Although these techniques can improve correct memory, their effects on memory errors and, in turn, on overall memory accuracy are as important. Here, we explore how one technique improves overall memory accuracy by shaping encoding and monitoring processes.

Memory errors are generally grouped into omission errors, which include forgetting and encoding failures, and commission errors, which refer to the remembering of events differently than their original presentation. One of the most robust and researched commission errors arises in the Deese/Roediger-McDermott (DRM; Deese, 1959; Roediger and McDermott, 1995) false memory paradigm. In the DRM paradigm, participants study lists of associates (e.g., sour, candy, sugar, etc.) that converge upon a single non-studied critical lure (e.g., sweet) that is later falsely reported or endorsed. The DRM false memory illusion is robust. False recall can exceed 50% (Roediger et al., 2001b), and false recognition can approximate hit rates for correctly studied list items (e.g., Lampinen et al., 1999; Dodson and Schacter, 2001). Additionally, participants often report conscious recollection of critical lures as appearing on studied lists (Payne et al., 1996), a pattern termed phantom recollection given that the critical lures were internally generated (Brainerd et al., 2003).

Several theories have been proposed to account for the DRM illusion (see Gallo, 2006 for review), most prominently the fuzzy-trace theory (Brainerd and Reyna, 2002; Reyna et al., 2016) and the activation-monitoring theory (Roediger et al., 2001a). Fuzzy-trace theory posits that two memory representations of study lists – verbatim and gist – are encoded. The verbatim representation contains memory for the specific items and any accompanying contextual details, whereas the gist representation contains the general meaning of the item or a group of related items in DRM lists. The DRM illusion must occur through a persistent gist representation because the critical lures do not have a verbatim representation. Activation-monitoring theory posits that the DRM illusion is the result of a two-stage process. First, the critical lure is implicitly activated during encoding through automatic spreading activation of associated study items (Collins and Loftus, 1975). Second, a source-monitoring failure occurs at test such that activation of the lure is misattributed to the studied list (Johnson et al., 1993). It is often difficult to disentangle these accounts because DRM list items both have (1) strong thematic coherence leading to extraction of a strong gist representation and (2) strong associations with the critical lure based on associative strength norms (Roediger et al., 2001a; Nelson et al., 2004). To circumvent this confound, researchers have had to employ different list types (e.g., homograph or mediated false memory lists) to reduce thematic coherence while maintaining associative strength (Hutchison and Balota, 2005; Huff et al., 2012). Studies taking these approaches suggest that both mechanisms can play a role (see Huff et al., 2015b).

With the goal of improving overall memory accuracy, researchers have identified several methods for reducing the DRM illusion, including study list repetitions (Benjamin, 2001), warnings (Gallo et al., 2001; McCabe and Smith, 2002), and requiring participants to specify the source of their retrievals at test (Multhaup and Conner, 2002). Relevant to the present study, study tasks that encourage distinctive processing have been very fruitful, including perceptual manipulations, such as presenting study list words in unique fonts (Arndt and Reder, 2003) or paired with pictures (Israel and Schacter, 1997; Schacter et al., 1999; but see Smith and Hunt, 2020), and distinctive encoding tasks, such as mental images (Foley et al., 2006; Gunter et al., 2007; Robin, 2010; Oliver et al., 2016; Bodner et al., 2017), pleasantness ratings (Gunter et al., 2007; Huff and Bodner, 2013), and generation from anagram cues (McCabe and Smith, 2006; Huff et al., in press). Anagram generation, explored in our study, often yields an increase in correct recognition and a decrease in false recognition relative to a non-distinctive control task, a pattern termed a mirror effect (Glanzer and Adams, 1990; see Huff et al., 2015b for a review).

The benefits of distinctive processing induced by encoding tasks such as generation have generally been ascribed to two processes – one that occurs at encoding and the other at retrieval. The impoverished relational encoding account (Hockley and Cristi, 1996; Hege and Dodson, 2004) posits that distinctive processing disrupts encoding of the thematic meaning of the list or the implicit activation of the critical lure. The distinctiveness heuristic, on the other hand, posits that participants employ a test-based decision strategy in which recollection of distinctive details can be diagnostic that a study item was originally studied. Here, the absence of distinctive details can disqualify a test item from being reported as studied through a recall-to-reject process (Schacter et al., 1999; Gallo, 2004, 2010).

Several methods have been used to separate encoding and retrieval processes (see Huff et al., 2015b for a review and discussion). We have advocated for using a signal-detection approach when memory is tested via recognition (Gunter et al., 2007; Huff and Bodner, 2013; Bodner et al., 2017; Huff et al., in press). The primary advantage of the signal-detection approach is that it yields separate indices of the effects of manipulations on encoding (i.e., the amount of memory information encoded for a given type of test item) and retrieval (i.e., the extensiveness of participants’ memory monitoring at test).

Using the signal-detection approach, Huff and Bodner (2013) compared the effects of different types of encoding manipulations on encoding and monitoring indices. In each experiment, the distinctive groups received item-specific processing instructions, a pleasantness-rating task, or an anagram-generation task and their memory was compared to a control (read-only) group. Each distinctive task group showed a mirror effect pattern in correct and false recognition relative to its control group. For correct recognition, the signal-detection indices of encoded memory information and monitoring were both greater following the distinctive tasks. For false recognition, monitoring for critical lures was greater in the distinctive task groups, consistent with use of a distinctiveness heuristic (Schacter et al., 1999). Encoded memory information was also lower in the distinctive tasks, consistent with impoverished relational encoding (Hege and Dodson, 2004). In addition, a meta-analysis confirmed that distinctive tasks reduce the DRM illusion due to enhancement of both encoding and monitoring processes (Huff et al., 2015a).

Although we have learned much about how distinctive tasks operate to reduce false recognition, it is unclear whether their effects on encoding and retrieval processes operate globally (i.e., reducing false recognition of all lures that are related to a studied list) or are effective only on reducing false recognition of critical lures. This issue warrants attention given that the critical lures are qualitatively different than the other DRM list items. Critical lures have a high number of semantic associates (hence, their use as DRM critical lures), and they also tend to be higher in word frequency and concreteness – characteristics that can affect recognition accuracy (Balota and Neely, 1980; Roediger et al., 2001b). Indeed, false alarms to critical lures from non-studied lists (i.e., critical lure controls) are typically 5–7% greater than false alarms to list words from non-studied lists (Huff et al., 2015b). The reduction in false recognition enjoyed following distinctive encoding may, therefore, be restricted to critical lures due to their unique characteristics, rather than occurring globally to different types of recognition lures.

To determine whether reductions in false recognition are specific to critical lures or operate globally, the recognition tests in our experiments included a set of related lures from the DRM lists, in addition to the standard DRM critical lures. According to the impoverished relational encoding account, distinctive processing should reduce associative/thematic processing at study, and this reduction should affect any lure that shares a semantic association with the study list. Similarly, the distinctiveness heuristic is a global monitoring strategy and should similarly affect all test items, given that there is little evidence of within-test criterion shifts in recognition (Wixted and Stretch, 2000). Thus, although critical lures possess lexical and semantic characteristics that make them unique relative to other related lures, distinctive tasks should reduce false recognition globally for all lures that are related to the study list.

A few studies have tested recognition of related lures, separate from critical lures (e.g., Roediger and McDermott, 1995; Miller and Wolford, 1999; Miller et al., 2011; Smith and Hunt, 2020). Smith and Hunt (2020; Experiment 1) compared participants who viewed list items that were auditorily presented alongside a related picture to produce distinctive encoding (cf. Israel and Schacter, 1997) or who read/heard list items in isolation. After each list, participants completed a free recall test followed by a final recognition test that included both critical lures and weakly related lures (i.e., low associate DRM list items not presented in the study lists). False recognition of critical lures was lower in the distinctive picture group than the control; however, there was no difference in false recognition of weakly related lures. This pattern contrasts the notion that impoverished relational encoding and the distinctiveness operate globally, given that distinctive tasks had no effect on false recognition of weakly related lures. However, Smith and Hunt’s participants completed a recall test prior to the final recognition test, which may have contaminated recognition (see Huff et al., 2018, for review). Moreover, Smith and Hunt did not find that picture encoding improved correct recognition, unlike for other distinctive tasks, suggesting that picture encoding may not be as effective as other distinctive tasks. In short, the lack of reduction in false recognition for weakly related lures may be due to the initial recall test and/or use of an ineffective distinctive task.


Huff and Aschenbrenner (2018) studied how distinctive item-specific encoding instructions influenced correct and false recognition for categorized word lists rather than DRM lists. Their recognition task included categorically related critical lures. Distinctive instructions produced a mirror effect pattern. The signal-detection approach revealed that distinctive instructions increased memory monitoring for related lures relative to the read group, but encoded memory information was equivalent to the read group. Item-specific processing reduced false recognition of categorized lures, akin to the reduction found in studies using DRM lists. However, categorized lures differ from critical lures in that they overlap in semantic features rather than being associatively related to their study list. Thus, it remains possible that a reduction in false recognition may extend to other lure types in the DRM paradigm.

In summary, to date, there has not been a definitive answer as to whether distinctive tasks produce a global reduction in false recognition or a reduction that is specific to critical lures. Therefore, our primary goal was to examine the effects of distinctive encoding (via generation from anagram cues) on false recognition of both critical lures and related lures relative to a read-only control task. Previous work (Huff and Bodner, 2013, 2019) has indicated that the generation of individual anagrams (e.g., terhad → thread) induces distinctive item-specific processing. We, therefore, expected that generation would produce a mirror effect by improving correct recognition of studied list items (i.e., a generation effect; Slamecka and Graf, 1978; Bertsch et al., 2007) and by reducing false recognition of critical lures (Huff et al., 2015a). The key question was whether distinctive encoding also reduces false alarms for related lures. To examine this issue, across experiments, we varied the strength of the related lures we tested. In Experiment 1, we tested one strongly related lure from each studied DRM list. In Experiment 2, we tested one weakly related lure from each studied DRM list.

The signal-detection approach was then used to determine whether the anticipated reductions in false recognition for both lure types were due to encoding and/or monitoring-processes. If distinctive encoding reduced false recognition by leading to impoverished relational encoding, our estimate of the amount of memory information encoded should be lower for both critical lures and related lures in the generation group relative to the read group. Similarly, if the distinctiveness heuristic operates globally, our estimate of memory monitoring at test should be greater for both critical lures and related lures in the generation group relative to the read group. Indeed, the latter comparisons will indicate whether monitoring focuses on critical lures or is applied similarly to all related items. The distinctiveness heuristic assumes a global monitoring process, yet to our knowledge, this assumption has not been tested by including related lures at test.



EXPERIMENT 1: STRONGLY RELATED LURES

Experiment 1 examined the effects of a distinctive anagram-solution task on correct and false recognition relative to a read-only control group. Critically, the recognition test included both DRM critical lures and strongly related lures. Based on prior findings (e.g., Huff and Bodner, 2013), generation was expected to increase correct recognition and to reduce false recognition of critical lures. Our novel questions were (1) does generation also reduces false recognition of other theme-related lures? and (2) if so, does generation do so by decreasing global memory information for related lures and/or by increasing global monitoring at test? If distinctive generation operates globally, reduced encoding of memory information and increased monitoring at test should occur for both lure types.


Materials and Methods


Participants

Native English-speaking undergraduates from The University of Southern Mississippi participated for course credit. They were randomly assigned to the read or generate group. Five participants were excluded due to an unusual predominance of “old” responses across item types, leaving 64 participants (32 per group) for analysis. A sensitivity analysis using GPower 3 (Faul et al., 2007) indicated that this sample size had sufficient power (0.80) to detect medium-to-large sized effects and greater (Cohen’s d ≥ 0.70).



Materials

The 20 DRM lists with the highest backward associative strength (BAS) from Roediger et al. (2001b) were used. Lists were divided into two counterbalanced sets of 10 lists in which one set was studied and the other was new. The top 12 associates from each list were used. The second highest associate in each list was designated a strongly related lure and was only included in the recognition test, leaving 11 words per DRM list. Lists were organized in descending BAS (Table 1; materials for our experiments are provided in our OSF project: www.osf.io/k73r4). For the generate group, anagrams were created by swapping either the first and third or second and fourth letters (cf. Gunter et al., 2007; Huff and Bodner, 2013). The eighty-item recognition test included 20 studied list items (from positions 1 and 8 in each list), 10 DRM critical lures from studied lists, 10 strongly related lures from study lists, 20 list item controls (from positions 1 and 8 in the non-studied set), 10 DRM critical lure controls, and 10 strongly related lure controls (from the non-studied set). Test items were newly randomized for each participant.



TABLE 1. Example study list items and backward associative strength (BAS) values for the critical lure “Shirt” with strongly and weakly related lures in Experiments 1 and 2.
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Procedure

Participants were tested individually with an experimenter present using a computer running SuperLab software (Cedrus Corporation). They were instructed that they would study lists of items for an upcoming memory test. During the study phase, read group participants read each word aloud and the experimenter advanced to the next word using a keyboard. Generate group participants were presented anagrams and were instructed to swap letters to generate a solution which they then read aloud (after Huff and Bodner, 2013, Experiment 3). If participants were unable to solve the anagram after a few seconds, the experimenter provided a hint (the first letter of the solution). If participants remained unable to solve the anagram after a few more seconds, the experimenter provided the solution and asked the participant to repeat it aloud. Thus, all participants read all list words aloud. The experimenter coded each trial as “correct,” “hint,” or “pass.”

The study phase began with an 8-item practice list; the experimenter provided feedback when necessary and answered questions about the tasks. Participants then studied the 10 DRM lists. Each list was separated by the words “next list.” The self-paced recognition test followed. Participants were told that words would be presented one at a time, and for each word, they should press the “old” or “new” labeled keys to indicate that the word was studied or not studied, respectively.




Results


Table 2 presents the mean proportion of “old” responses and mean signal-detection indices on the recognition test as a function of item type for the read and generate groups. The correct anagram completion rate (“correct” or “hint”) typically exceeded 95%, so analyses were not conditionalized on correct solution at study. The mean response time for correct anagram solutions (including hints) was 7.65 s (SD = 3.10). All comparisons were p < 0.05 unless noted otherwise. Estimates of effect size are provided for all significant comparisons using partial-eta squared (η
p2) for analyses of variance (ANOVAs) or Cohen’s d for t-tests. Confidence intervals for effect size estimates (lower limit, upper limit), based on Smithson (2003), were computed using the MBESS package in R. For signal-detection analyses, false alarm rates of 0 and hit rates of 1 were adjusted using Macmillan and Creelman’s (1991) 1/2n correction. The reliability of non-significant comparisons was further tested using a Bayesian estimate of the strength of evidence supporting the null hypothesis (Wagenmakers, 2007; Masson, 2011). This analysis compares a model that assumes a significant effect to a model assuming a null effect. This Bayesian analysis yields a probability estimate termed pBIC (Bayesian information criterion), which indicates the likelihood that the null hypothesis is supported. The pBIC analysis is highly sensitive to sample size and thus provides a way of gauging the strength of evidence for reported null effects.



TABLE 2. Mean (95% CI) proportion of “Old” responses and signal-detection indices as a function of item type/index and group/list type for test lists with strongly related lures (Experiment 1), weakly related lures (Experiment 2), and means pooled across experiments.
[image: Table2]


Correct Recognition

A comparison of the hit rate for studied list items across the read and generate groups showed a reliable generation effect (0.85 vs. 0.76), t(62) = 2.67, SEM = 0.03, d = 0.68 (0.16, 1.17). The same analysis was performed for list item dʹ, our estimate of encoded memory information (Huff and Bodner, 2013). Here, dʹ values were computed by taking the difference between the z-score for the hit rate for list items minus the z-score for the false alarm rate to list item controls. This analysis indicated that the generate group had encoded more memory information about the list items than the read group (2.53 vs. 1.96), t(62) = 3.75, SEM = 0.15, d = 0.95 (0.42, 1.45). A final comparison examined lambda, an index of test-based monitoring. Lambda was computed by taking the z-score of 1 minus the false alarm rate for list item controls. Memory monitoring for studied words was similar across the generate and read groups (1.36 vs. 1.17), t(62) = 1.49, SEM = 0.12, p = 0.14, pBIC = 0.72.



False Recognition

A mixed 2 × 2 ANOVA compared false recognition as a function of lure type (critical vs. strongly related) and group (generate vs. read). As expected, false recognition was greater for critical lures than for strongly related lures (0.52 vs. 0.21), F(1, 62) = 191.09, MSE = 0.02, ηp2 = 0.76 (0.65, 0.81). The main effect of group indicated that our distinctive generation task reduced false recognition of related lures overall relative to reading (0.31 vs. 0.43), F(1, 62) = 8.20, MSE = 0.05, ηp2 = 0.12 (0.02, 0.24), consistent with Huff and Bodner (2013). Most importantly, the reduction in false recognition was similar for both lure types, F < 1, pBIC = 0.87.

Next, we examined the effect of generation on our signal-detection estimates of encoded memory information and memory monitoring for lures. For each type of lure, the encoded memory information dʹ index was computed as the difference in z-score for lures from the studied lists (treated as hits) vs. the corresponding lures from the non-studied lists (treated as false alarms). The 2 × 2 ANOVA indicated that more memory information had been encoded for critical lures than for strongly related lures (1.10 vs. 0.34), F(1, 62) = 94.57, MSE = 0.07, ηp2 = 0.60 (0.47, 0.69). There was a general trend for generation to reduce the amount of memory information encoded for lures relative to reading (0.60 vs. 0.84), F(1, 62) = 3.17, MSE = 0.62, p = 0.08, ηp2 = 0.05 (0.00, 0.16), pBIC = 0.62, but it was not significant. The interaction was non-significant, F < 1, pBIC = 87. Finally, estimates of memory monitoring were also compared using the same ANOVA. Interestingly, monitoring at test was greater for strongly related than for critical lures (1.21 vs. 1.06), F(1, 62) = 5.15, MSE = 0.13, ηp2 = 0.08 (0.01, 0.20); we return to this result in our General Discussion section. Monitoring for lures was not significantly greater in the generate group than the read group (1.20 vs. 1.07), F(1, 62) = 1.60, MSE = 0.33, p = 0.21, pBIC = 0.78. The interaction was non-significant, F < 1, pBIC = 0.84.




Discussion

Our distinctive encoding task – anagram generation – increased correct recognition and reduced false recognition, replicating previous research (e.g., Huff and Bodner, 2013). Our novel finding was that generation reduced false recognition similarly for both critical lures and strongly related lures. Turning to our signal-detection analyses, for correct recognition, generation improved encoded memory information for list items (as in Huff and Bodner, 2013) but did not significantly increase memory monitoring (unlike in Huff and Bodner, 2013). For false recognition, generation did not significantly reduce encoded memory information about lures, nor did it significantly increase memory monitoring at test (again, unlike in Huff and Bodner, 2013). In sum, although generation reduced false recognition, contrary to our expectations, it did not significantly reduce the encoding of lures at study or increase the monitoring for lures at test.




EXPERIMENT 2: WEAKLY RELATED LURES

Experiment 2 revisited the influences of distinctive processing on false recognition, this time using weakly related lures – the type used in studies that have assessed false recognition for related lures (Roediger and McDermott, 1995; Miller and Wolford, 1999; Smith and Hunt, 2020). The reduced association between weakly related lures and studied lists provides a more stringent test of the generality of the global reduction in false recognition following generation and thus should help us pinpoint its locus. In particular, if the generate group engages in stricter monitoring at test, they might be able to weed out critical lures more effectively than weakly related lures. Experiment 2 also sought to clarify whether false recognition reductions due to generation are attributable to increased memory information at encoding and/or increased monitoring at test for both lure types – given that the results of Experiment 1 did not clearly adjudicate among these two loci.


Materials and Methods


Participants

Additional participants from the Experiment 1 pool were randomly assigned to the read or generate groups. As per Experiment 1, three participants were excluded due to unusually high rates of “old” responses, leaving 68 participants (34 per group).



Materials and Procedure

The only changes in Experiment 2 were that (1) the strongly related lures from Experiment 1 were reinserted in their corresponding DRM list (position 2) and (2) the eleventh associate from each DRM study list was removed and this set served as the weakly related lures on the recognition test (Table 1). The procedure was identical to that of Experiment 1. Correct anagram solution rates were again quite high (95% or greater), and the mean response time for correct anagram solutions (including hints) was 6.13 s (SD = 1.54).




Results


Correct Recognition

The effects of generation on correct recognition were in the expected direction for each measure but did not reach significance (cf. Experiment 1; see also Huff et al., 2015b). This was true for hits (0.85 vs. 0.83), t < 1, pBIC = 0.84, encoded memory information (dʹ; 2.68 vs. 2.41), t(66) = 1.89, SEM = 0.14, p = 0.06, d = 0.47 (−0.03, 0.94), pBIC = 0.58, and memory monitoring (lambda; 1.57 vs. 1.39), t(66) = 1.65, SEM = 0.11, p = 0.10, d = 0.41 (−0.08, 0.88), pBIC = 0.68.



False Recognition

False recognition was greater for critical lures than weakly related lures (0.58 vs. 0.16), F(1, 66) = 220.99, MSE = 0.03, ηp2 = 0.77 (0.68, 0.82). More importantly, false recognition was lower in the generate group than in the read group (0.32 vs. 0.43), F(1, 66) = 10.39, MSE = 0.04, ηp2 = 0.14 (0.03, 0.26). But most importantly, as in Experiment 1, the generation effect on false recognition was consistent across lure types, as indicated by a non-significant interaction, F(1, 66) = 1.80, MSE = 0.03, p = 0.18, pBIC = 0.77.

Turning to our signal-detection measures, more memory information was encoded for critical lures than weakly related lures (1.32 vs. 0.43), F(1, 66) = 78.59, MSE = 0.34, ηp2 = 0.54 (0.40, 0.64), as expected. As in Experiment 1, there was a non-significant trend for generation to reduce the amount of memory information encoded for lures relative to reading (0.79 vs. 0.97), F(1, 66) = 2.74, MSE = 0.40, p = 0.10, ηp2 = 0.04 (0.00, 0.14), pBIC = 0.67. The interaction with lure type was again non-significant, F < 1, pBIC = 0.86. Memory monitoring at test was higher for weakly related lures than critical lures (1.49 vs. 1.08), F(1, 66) = 45.22, MSE = 0.13, ηp2 = 0.41 (0.25, 0.52), as was true for strongly related lures in Experiment 1. Overall monitoring was only marginally greater in the generate than read group (1.37 vs. 1.21), F(1, 66) = 3.58, MSE = 0.26, p = 0.06, ηp2 = 0.05 (0.00, 0.16), pBIC = 0.60. The interaction was again non-significant, F < 1, pBIC = 0.89.




Pooled Analysis of Experiments 1 and 2

In general, the patterns in Experiments 1 and 2 were highly similar, but several of the effects of generation were marginal or non-significant (and were also associated with lower pBIC values). Therefore, we pooled our experiments to enable more powerful tests of the effects of generation, particularly on encoded memory information and memory monitoring at test. This pooling provided sufficient power to detect medium-sized effects and larger (Cohen’s d ≥ 0.45; Faul et al., 2007).1



Correct Recognition

The pooled analysis aligned with the significant generation effects in Experiment 1. Generation increased hits relative to reading (0.85 vs. 0.80), t(130) = 2.63, SEM = 0.02, d = 0.46 (0.11, 0.80), and this generation effect was due to both increased encoding of memory information for list items at study (2.60 vs. 2.19), t(130) = 3.86, SEM = 0.11, d = 0.68 (0.32, 1.02), and increased memory monitoring for list items at test (1.47 vs. 1.28), t(130) = 2.18, SEM = 0.08, d = 0.38 (0.03, 0.72).



False Recognition

False recognition (averaged across critical lures and related lures) was lower in the generate group than in the read group (0.48 vs. 0.62), F(1, 130) = 18.67, MSE = 0.05, ηp2 = 0.13 (0.13, 0.22). This reduction was equivalent for the two lure types, F(1, 130) = 1.88, MSE = 0.02, p = 0.17, pBIC = 0.81 for the interaction. These patterns replicated the individual experiments but are reported here for completeness.

The pooled analysis yielded much clearer results regarding the effects of generation on the signal-detection measures of false recognition. Across lure types, generation significantly reduced encoded memory information relative to reading (0.69 vs. 0.91), F(1, 130) = 5.83, MSE = 0.51, ηp2 = 0.04 (0.00, 0.11), and this reduction was similar for critical lures and related lures, F < 1, pBIC = 0.92 for the interaction. Memory monitoring was also significantly greater in the generate group than in the read group (1.29 vs. 1.14), F(1, 130) = 4.76, MSE = 0.30, ηp2 = 0.04 (0.00, 0.10), and this increase in monitoring was again similar for critical and related lures, F < 1, pBIC = 0.89 for the interaction.




Discussion

In Experiment 2, generation did not significantly improve correct recognition over reading, unlike Experiment 1 (and unlike in Huff and Bodner, 2013). This is not unprecedented: The generation effect is typically small in between-group designs (Bertsch et al., 2007), and we recently reported a null effect of the same generation task in free recall (Huff and Bodner, 2019). However, generation successfully reduced false recognition of both critical lures and weakly related lures. Here, our signal-detection indices of memory information and memory monitoring showed only marginal effects of generation. Given the similarities in design and logic of Experiments 1 and 2, we, therefore, conducted a pooled analysis. The basic recognition analyses showed that distinctive processing in the generate group led to increased correct recognition and reduced false recognition, and critically, the latter reduction was similar for critical and related lure types. Our signal-detection analyses further clarified that for correct recognition, generation increased memory information encoded for list items and increased test-based memory monitoring. For false recognition, generation decreased encoded memory information for lures and increased memory monitoring. Most importantly, all of these effects were invariant across lure types. Collectively, these patterns are consistent with Huff and Bodner (2013) and reveal that distinctive encoding reduces false recognition by (1) globally reducing encoding of related lures at study and (2) globally increasing monitoring for related lures at test.




GENERAL DISCUSSION

The goal of this research was to help pinpoint how distinctive encoding tasks influence encoding and monitoring processes in the DRM false memory paradigm. Overall, relative to a read-only control, an item-specific anagram generation task improved correct recognition and reduced false recognition. Critically, the reduction in false recognition for critical lures extended to both strongly related (Experiment 1) and weakly related (Experiment 2) lures. Our signal-detection analyses evaluated the effect of generation on separate estimates of encoding- and test-based processes. Across experiments, generation increased the amount of encoded memory information for studied list items and decreased the amount of associative/relational memory information encoded for lures relative to the read group, a pattern consistent with an impoverished relational encoding account (Hege and Dodson, 2004). Generation also increased the amount of memory monitoring at test for all test items including related lures, suggesting that participants are monitoring test items more stringently, a pattern consistent with a distinctiveness heuristic account (Schacter et al., 1999). Thus, impoverished relational encoding and use of a distinctiveness heuristic contribute to the reduction of false recognition collectively, and furthermore, we have learned that both processes operate globally rather than targeting encoding or monitoring specifically for critical lures – items that differ qualitatively from other related lures.

The effects of distinctive tasks on encoding and monitoring patterns reported in these previous studies (Huff and Bodner, 2013; Huff et al., 2015b) were based solely on false recognition of critical lures, leaving it unclear whether these processes operate globally. The lack of lure-type interactions in the present study indicate that distinctive processing operates broadly and have similar effects on strongly and weakly related lures. Indeed, this global pattern on recognition is consistent with other evidence indicating that participants adopt a consistent response criterion on a recognition test (Wickens and Hirshman, 2000; Wixted and Stretch, 2000; Gallo et al., 2001).

Although generation generally produced similar effects on false recognition of both lure types, we obtained an interesting difference between lure types in our monitoring estimate. Specifically, monitoring was lower for critical lures than for either strongly or weakly related lures. These monitoring differences could reflect inherent differences between critical lures and other list items (and thus than our related lures) in terms of their frequency or concreteness. Indeed, critical lures from non-studied lists yield a higher false alarm rate than list words from non-studied lists (Roediger and McDermott, 1995; Fenn et al., 2009). Given that the baseline false alarm rate to controls is used to compute monitoring estimates, monitoring estimates would, therefore, be lower for critical lures than related lures.

Alternatively, test-based semantic priming might contribute to the greater false alarm rate to critical lure controls than to related lure controls. On the recognition test, participants received three types of control items, the critical lure control, the related lure control, and list item controls from non-studied lists. Because the order of test items was random, list item controls preceded the critical lure controls for some lists and participants; this may have increased the familiarity of the critical lure controls and thus may have contributed to false alarms. Indeed, this test-induced priming has been reported on recognition tests when related test items precede lures (Marsh et al., 2004; Coane and McBride, 2006). False alarms would likely be greater for critical than related controls due the stronger associative strength between list items and critical lures, yielding a reduced monitoring estimate for critical lures. Consistent with both possibilities, false alarms were higher for critical lure controls than for related lure controls across experiments, 0.16 vs. 0.08, t(130) = 6.06, SEM = 0.01, d = 0.57 (0.32, 0.82), resulting in lower monitoring estimates for critical lures. Importantly, however, lexical/semantic item differences and test-induced priming likely would be similar for generate and read groups. Thus, it is unlikely that these item differences contributed to the monitoring differences between our generate and read groups.

Our study also provides clarity regarding the effects of distinctive processing on related lures. As reviewed above, Smith and Hunt (2020) included related lures in a recognition test following either a distinctive picture encoding task or an auditory control task. Their study did not find an effect of distinctive study on recognition of related lures. However, a free-recall test was completed prior to the recognition test. Initial recall testing has been found to encourage organizational/relational processing that mitigates the effects of distinctive item-specific processing on a subsequent recognition test (Burns, 1993; Zaromb and Roediger, 2010). Our findings are more consistent with those of Huff and Aschenbrenner (2018), who found a false recognition reduction for categorically related lures, indicating that distinctive encoding tasks can be effective with other types of related lures.

One limitation of our design warrants mention. Across experiments, we swapped out whether a strong or weak list word was present in the study list or served as the related lure. As a result, the study lists in Experiment 2 might have been more potent for producing false recognition than those in Experiment 1, due to greater backward associative strength (BAS; e.g., Roediger et al., 2001b). Despite the slight difference in study list composition, across Experiments 1 and 2, neither the mean BAS of the study lists (0.19 vs. 0.23) nor false recognition of critical lures (0.52 vs. 0.58) differed significantly, t(38) = 1.40, SEM = 0.02, p = 0.17, pBIC = 0.70, and t(130) = 1.61, SEM = 0.04, p = 0.11, pBIC = 0.76, respectively. Thus, differences in list composition did not reliably affect BAS or subsequent false recognition.

Although signal-detection measures can provide insightful estimates regarding encoding and monitoring, they are not without shortcomings. For one, the measures are only quantitative in nature and can only indicate the relative increase or decrease in encoding and monitoring relative to a read-only control. Discriminability is taken as a metric of the amount of encoded memory information and lambda is as a metric of monitoring, but these indices do not specify how participants implement these processes. For instance, encoded memory information could reflect the amount of gist-based information extracted from the study list (Brainerd and Reyna, 2002) or the strength of the associative network created at study (Roediger et al., 2001a). Likewise, increased monitoring could reflect enhanced monitoring for the distinctive features presented at study, consistent with diagnostic monitoring (Gallo, 2004) and recollection-rejection processes (Brainerd et al., 2001). Accumulating evidence indicates that participants are able to attribute critical lures to particular tasks (e.g., Hicks and Hancock, 2002; Bodner et al., 2017), indicating that they are monitoring for distinctive details at test, however, additional research is needed to explore how qualitative memory processes map onto these signal-detection indices. Second, both encoding and monitoring are offline estimates computed from hit and false alarm rates. Huff and Aschenbrenner (2018) addressed this limitation by fitting the drift diffusion accumulation model (Ratcliff, 1978) which uses both recognition test responses and response latencies to estimate two latent parameters: drift rate (the rate with which evidence accumulates to make a recognition decision) and boundary separation (the amount of memory evidence needed to make a response). These parameters were used to estimate encoded memory information and monitoring, respectively. When compared to signal-detection indices, the effects of distinctive encoding on drift rate and boundary separation were found to parallel the effects on discriminability and lambda, providing convergent validity that signal-detection indices, at least, partially capture online memory processes.

Finally, distinctive encoding tasks are not likely to be pure with respect to their allowance for item-specific vs. relational processing (Jacoby, 1991). Even though our generation task focused participants on individual anagrams, false recognition of DRM critical lures in the generation groups remained robust in both experiments, indicating that some associative or relational processing of study items persists (Huff et al., 2015b). Although false recognition was lower for related lures than for critical lures, our generation task was unable to eliminate false recognition even for weaker related lures. This observation affirms the dogged nature of associative false recognition: It can be reduced, but it cannot readily be eliminated (Schacter et al., 1999; Benjamin, 2001; McCabe and Smith, 2002).


Conclusion

Given the interest in techniques for reducing false memory in both basic and applied areas, it is important to assess the collective contributions of encoding and retrieval processes to these reductions as well as to potential increases in correct memory. Using the DRM paradigm, our research establishes that distinctive encoding using a generation task can increase correct recognition while simultaneously reducing false recognition of critical lures and other related lures. We found that encoding and monitoring processes appear to operate similarly on both lure types, suggesting that distinctive tasks work to globally disrupt relational encoding while also globally increasing test-based monitoring.
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FOOTNOTES

1Experiment, when included as a factor, interacted with related lure type on false recognition, F(1, 128) = 8.74, MSE = 0.13, Î·p2 = 0.06 (0.01, 0.14), due to greater false recognition for strongly than weakly related lures (0.21 vs. 0.16), t(130) = 2.05, SEM = 0.03, d = 0.36 (0.01, 0.70), and also interacted in memory monitoring, F(1, 128) = 10.38, MSE = 0.02, Î·p2 = 0.06 (0.02, 0.16), due to greater monitoring for list items in weakly than strongly related lure lists (1.48 vs. 1.26), t(130) = 3.98, SEM = 0.07, d = 0.70 (0.09, 0.79). The other main effects and interactions were not reliable, Fs < 2.80, ps > 0.10, pBICs > 0.73. These expected interactions validate our lure strength manipulation. For brevity, pooled analyses excluded the Experiment factor.
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Memory errors and, specifically, false memories in the Deese/Roediger–McDermott paradigm have been extensively studied in the past decades. Most studies have investigated false memory in monolinguals’ native or first language (L1), but interest has also grown in examining false memories in participants’ second language (L2) with different proficiency levels. The main purpose of this manuscript is to review the current state of knowledge on the role of language proficiency on false memories when participants encode and retrieve information in the same language. To do so, a systematic literature search was conducted, and the available studies were reviewed. These studies differed in, for example, age, language proficiency, or material characteristics, including both high and low associative strength lists, and they reported different results. In this review, we attempted to make sense of the apparently contradictory results by carefully identifying participants’ language dominance and L2 proficiency. Specifically, the results indicated that, first, people are more prone to produce false memories in their dominant than in their non-dominant language. This result generalizes to lists with high and low associative strength, as well as to participants of different ages. Second, false memories do not differ between two languages when speakers are equally proficient in both languages. Finally, highly proficient L2 speakers produce more false memories in their L2 than speakers with lower L2 proficiency. The results of this review will be considered in the light of the theoretical frameworks of false memories and bilingual language processing.
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INTRODUCTION

In recent years, there has been considerable interest in investigating the malleable nature of human memory. Memory is a reconstructive process that is prone to errors (Kolodner, 1983) and this fact has implications in real-world settings such as eyewitness testimonies (Aizpurua et al., 2009; Havard and Memon, 2013; Loftus, 2018) or the clinical practice (Otgaar et al., 2017; Turk et al., 2020). Among all the potential memory errors, a substantial body of research has focused on understanding false memories, that is, memories for events that did not occur. Specifically, in this review we will focus on a particular type of false memory: the associative memory illusion (see Gallo, 2006, 2010 for review).

False memories have been mostly investigated in monolinguals of very diverse languages, such as Germanic languages (e.g., English, Stadler et al., 1999; Dutch, Van Damme and d’Ydewalle, 2009), Romance languages (e.g., Portuguese, Albuquerque, 2005; Spanish, Beato and Díez, 2011; French, Dubuisson et al., 2012) and Slavic languages (e.g., Polish, Ulatowska and Olszewska, 2013). Even non-Indo-European languages have been employed to study the associative memory illusion (e.g., Chinese, Chen et al., 2008; Japanese, Kawasaki and Yama, 2006), with a robust false memory effect in all of them. However, false memories have not only been studied in first languages (L1), but also in second languages (L2) with different proficiency levels (e.g., Anastasi et al., 2005; Arndt and Beato, 2017; Beato and Arndt, 2021).

It is important to note that language proficiency may vary with language usage and experience, and, therefore, it is not a constant feature. Bilingualism and monolingualism would be the two ends of a continuum with no clear division between them due to a lack of consensus on the definition of bilingualism (Edwards, 2004) and a high variability in its measurement (Surrain and Luk, 2019). In this review, our purpose is not to define bilingualism, but rather to study false memories across the proficiency continuum on participants with some knowledge of a second language.

Different questions have been investigated in the literature regarding false memories in various languages. First, some research has focused on false memories when languages are switched between encoding and retrieval (i.e., between-language false memory) (see Graves and Altarriba, 2014 for review). Second, another line of research has been interested in whether language and memory processes differ between bilinguals and monolinguals (e.g., Bialystok et al., 2020). Third, and the aim of this review, increasing interest has been centered on whether language proficiency influenced false memories when participants encode and retrieve information in the same language (i.e., within-language false memory). To this aim, we reviewed all the available articles investigating this topic that emerged from a systematic literature search. In particular, our goals were to (1) examine false recognition in the L1 versus L2, centering our attention on language dominance and L2 proficiency, and (2) discuss the findings in terms of the theoretical frameworks.



FALSE MEMORIES: THE DRM PARADIGM

One of the most widely used paradigms to study false memories is the Deese/Roediger–McDermott (DRM) paradigm (Deese, 1959; Roediger and McDermott, 1995). In this paradigm participants study lists of words associated to a non-studied word (i.e., critical lure). For example, participants study the words hot, ice, snow, warm, winter, and weather, all of them associated to the critical lure cold, based on free association norms (e.g., Nelson et al., 1998). At the test, participants often falsely recall and/or recognize the critical lures as studied items.

The DRM paradigm has been extensively used to study the mechanisms underlying false memories by manipulating variables such as backward and forward associative strength (e.g., Brainerd and Wright, 2005; Arndt, 2012, 2015; Beato and Arndt, 2014, 2017), presentation rate (e.g., Seamon et al., 1998; Smith and Kimball, 2012; Sadler et al., 2018), number of words associated to the critical lure (e.g., Arndt, 2010; Flegal and Reuter-Lorenz, 2014), presentation modality (e.g., Mao et al., 2010; Boldini et al., 2013), retrieval time (e.g., Giammattei and Arndt, 2012; Carneiro et al., 2014), attentional demands (e.g., Pérez-Mata et al., 2002; Otgaar et al., 2012), distinctive encoding (e.g., Huff et al., 2015, 2020), warning instructions (e.g., Watson et al., 2004; Carneiro and Fernandez, 2010; Coane et al., 2016), identifiability of the critical lure (e.g., Neuschatz et al., 2003; Carneiro et al., 2009; Beato and Cadavid, 2016), or emotional valence (e.g., Bookbinder and Brainerd, 2016; Hellenthal et al., 2019; Chang et al., 2020), among many others. All these experimental manipulations confirmed the robustness of this paradigm to produce false memories.

Furthermore, the DRM paradigm has also been employed to study false memories in different clinical populations such as patients with schizophrenia (e.g., Bhatt et al., 2010; Favre et al., 2020), Alzheimer’s disease (e.g., Malone et al., 2019; Howe and Akhtar, 2020), or autism spectrum disorder (e.g., Wojcik et al., 2018). Additionally, it has been used throughout development in children (e.g., Carneiro et al., 2007; Brainerd et al., 2008; Knott et al., 2011), and older adults (e.g., McCabe et al., 2009; Devitt and Schacter, 2016).

Not only behavioral research has been conducted on false memories. Some efforts have also been made to identify the neural correlates of false memories (see Schacter and Slotnick, 2004 for review) using techniques such as functional magnetic resonance imaging (e.g., Abe et al., 2013), event-related potentials (e.g., Curran et al., 2001; Beato et al., 2012; Cadavid and Beato, 2016), near infrared spectroscopy (e.g., Kubota et al., 2006), positron emission tomography (Schacter et al., 1996), or transcranial direct current stimulation (e.g., Díez et al., 2017).

The two main theoretical explanations of the false memory effect in the DRM paradigm are the fuzzy-trace theory (FFT; Reyna and Brainerd, 1995; Brainerd and Reyna, 2002) and the activation-monitoring framework (AMF; Roediger et al., 2001) (see also global matching models, Arndt and Hirshman, 1998). According to FFT, two types of information are encoded during the study of the DRM lists: verbatim traces (i.e., perceptual features of the event) and gist traces (i.e., meaning-based information of the event). If gist memory traces are retrieved, false memories are more likely to occur because critical lures tend to match the meaning information extracted from the list. Therefore, the critical lure’s meaning would be familiar. That familiarity triggered by the critical lure might be countervailed by retrieving verbatim traces of the studied items, a process referred to as recollection rejection (Brainerd et al., 2003), that would reduce false memories. For its part, AMF suggests that false memories are produced by the combination of activation and monitoring processes. When a DRM list is studied these words are activated and the activation is spread throughout the semantic network to associatively related words, namely, the critical lure, increasing the likelihood to produce false memories. In order to counteract that activation, monitoring processes might be engaged. Monitoring processes are defined as decision processes that use different types of information to determine the source of the activation and so false memories can be reduced (Gallo, 2006). As will be discussed later, both theories (i.e., FFT and AMF) could potentially explain the results of the present review, but in slightly different ways.



TWO LANGUAGES IN ONE BRAIN

A central question in bilingual research is how two languages are represented in one brain (Heredia and Brown, 2006). Various models have been developed to seek an answer (e.g., bilingual interactive activation model, Dijkstra and Van Heuven, 2002; inhibitory control model, Green, 1998; distributed feature model, Van Hell and De Groot, 1998; revised hierarchical model, Kroll and Stewart, 1994) and, despite differing in the exact nature of L1 and L2 representations, these models share a consensual view about two assumptions relevant for the present review. First, both languages access a shared conceptual system (Francis, 1999, 2020; Francis et al., 2019) and, second, associations between word forms and their concepts are stronger in L1 than in L2 (e.g., Gollan et al., 2008). To further elaborate on these ideas, the revised hierarchical model (RHM)1, referred above, will be considered.

The RHM assumes two different levels of representation, the lexical and conceptual level, with independent lexical representations for each language and a shared conceptual store. First, at the lexical level, although both languages are stored independently, they are interconnected with stronger connections from L2 to L1 than from L1 to L2 (Kroll et al., 2002). The explanation is found in the fact that the L2 is acquired by creating links between L2 words and the correspondent L1 translation at the lexical level, leading to stronger connection from L2 to L1. By contrast, links from L1 to L2 are weaker due to a lack of translation practice in that direction (Kroll and Stewart, 1994). Second, at the conceptual level, the links between words and concepts (i.e., conceptual links) are assumed to be stronger in L1 than L2. This means that the concept store is fully activated quicker from L1 than from L2 lexical representations. Nonetheless, once L2 learners become more proficient, the conceptual links from L2 words to the concepts become stronger (Perea et al., 2008).

Although the RHM interprets that the first language acquired (L1) is the dominant language, it is noteworthy that bilingual memory is a dynamic system influenced by language usage (Heredia and Altarriba, 2001). Thus, as Heredia (1997) suggested, the L1 might lose strength while the L2 might become the dominant language as a function of exposure, hence the L1 and L2 should be interpreted as the dominant and non-dominant language, respectively, disregarding which language was learned first.



FALSE MEMORIES AND LANGUAGE PROFICIENCY

In this review, we investigated the role of language proficiency in false memory when information was encoded and retrieved in L1 versus L2 (i.e., within-language conditions)2. To this end, we identified participants’ dominant and non-dominant language and their L2-proficiency level. This was crucial to understand and discuss the different results, but it was not an easy task. Specifically, regarding language dominance, sometimes it was difficult to identify which language was dominant (not necessarily the L1) based on the available information. Furthermore, regarding language proficiency, it was difficult to compare this variable across studies due to, first, different facets of bilingual experience being reported (e.g., usage or years of academic training; see Surrain and Luk, 2019). Second, there were differences in language proficiency (see Table 1), with some studies employing highly proficient bilinguals that used both languages in everyday life (e.g., Cabeza and Lennartson, 2005), while others included participants whose only L2 experience was in a classroom setting (e.g., Arndt and Beato, 2017). Third, although most of the studies included young adults (M = 24.04 years across experiments), children were also tested (Howe et al., 2008), possibly leading to age related differences in L1 and L2 proficiency.


TABLE 1. Summary of the reviewed studies on the role of language proficiency in false recognition.

[image: Table 1]Focusing now on the results, when comparing false memory in the L1 and L2, some studies found L1 > L2, others L1 < L2, or even, L1 = L2 (see Table 1). That is, although, to our knowledge, only eight works have investigated this topic, all possible results have been reported. However, as referred above, language dominance can make sense of the apparently contradictory results. In other words, if we compare false memory in the dominant and non-dominant languages, instead of considering the order of language acquisition (i.e., L1 versus L2), consistent conclusions can be drawn. To further elaborate on this idea, the three patterns of results observed in the reviewed studies will be explained below.

First, beginning with the most common result, the studies that found significantly higher false recognition in L1 than L2 (Anastasi et al., 2005, Experiments 3 and 4; Sahlin et al., 2005; Howe et al., 2008; Arndt and Beato, 2017; Beato and Arndt, 2021) reported that the dominant and non-dominant language were the L1 and L2, respectively. That is, false recognition was higher in the dominant than in the non-dominant language in these studies. Kawasaki-Miyaji et al. (2003) and Marmolejo et al. (2009) seemingly point in the same direction, with higher false recognition in L1 (dominant) than in L2 (non-dominant) (0.71 versus 0.62, and 0.80 versus 0.73, respectively), although they did not directly test this comparison statistically.

This pattern of results has also been found in 6-, 8-, and 12-year-old children (Howe et al., 2008). This study not only showed that false recognition increased with age in both languages, but also that all age groups were more likely to produce false recognition in L1 (dominant) than in L2 (non-dominant). Furthermore, the effect of language dominance on false memory was obtained in most of the studies using DRM lists strongly related to the critical lure, but Beato and Arndt (2021) found this effect with lists weakly related to the critical lure. Namely, higher false memories were reported in the dominant than in the non-dominant language in both adults and children, and with DRM lists that had high and low associative strength between the studied words and the critical lure.

Second, a study showed higher false recognition in L2 than L1 (Anastasi et al., 2005, Experiment 2). In this case, we can consider the L2 as the dominant language, since most of the participants frequently used this language at work (75%) and with friends (80%), and even half of participants used it at home. Therefore, here we can also conclude that false memories were higher in the dominant than in the non-dominant language.

Third, we identified two studies where false recognition was similar in the L1 and L2 (Anastasi et al., 2005, Experiment 1; Cabeza and Lennartson, 2005). In these cases, L1 and L2 proficiency seem to be similar. Specifically, Cabeza and Lennartson (2005) reported highly proficient speakers that used both languages in everyday life with no dominance difference specified. For their part, Anastasi et al.(2005, Experiment 1) included participants whose dominant language seems to be the L1, but it is also important to consider that participants had several years of L2 academic training, besides living in the L2-speaking country. As L2 acquisition and its associated brain changes are highly related to the amount of L2 immersion (Pliatsikas et al., 2017), it is reasonable to think that, in this case, participants could reach high levels of L1 and L2 proficiency at the moment of testing. Thus, in these two studies, we would expect false recognition not to differ significantly between L1 and L2 (since L1 and L2 proficiency would be similar), and this was exactly the result found in both experiments.

Lastly, two studies investigated false memories in participants that differed in L2 proficiency (Arndt and Beato, 2017; Beato and Arndt, 2021). Specifically, the authors found that greater language proficiency in the non-dominant language increased false memories. This result is in line with the above reported greater false recognition in the dominant (high proficiency, in these studies) than in the non-dominant (low proficiency, in these studies) language.



DISCUSSION

The reviewed studies suggest that, regardless of age and the associative strength of the lists, false memories are higher in participants’ dominant language than in their non-dominant one, just as false memories are greater in high than low L2 proficiency participants. Only when proficiency in the L1 and L2 is similar, false memories do not differ. These results could be accommodated by theoretical accounts from very different research areas, false memory and bilingual language processing.

Regarding the theoretical framework of the false memory effect, both the AMF and the FFT, mentioned above, could explain the current data despite claiming different mechanisms underlying the effect. On the one hand, according to FFT, the extraction of gist representations improves throughout development because participants become better in processing word meaning and connecting meaning across different words (Brainerd and Reyna, 2002). Given the parallel between how false memory differ across the proficiency continuum and the developmental trajectory of false memory (e.g., Carneiro and Fernandez, 2010; Arndt and Beato, 2017), this prediction can be used to explain the present results. That is, gist memory would be hindered when processing L2-words as participants have less experience, leading to a decrease in false memories. Along the same lines, gist memory improves when participants become more proficient, explaining why high L2 proficiency speakers show greater false memories than low L2 proficiency speakers. On the other hand, the activation processes referred by the AMF could explain the findings reviewed above by arguing that concepts are more automatically activated by the dominant than the non-dominant language, or even by high L2-proficiency participants. This activation spread throughout a well-organized network with strong connections to associatively related words (i.e., critical lure), which in turn would produce higher false memories in the dominant language than in the non-dominant one, as well as in high rather than low L2 proficiency speakers.

Within the bilingual language processing research, the greater false memories in the dominant than non-dominant language (e.g., Sahlin et al., 2005) could be accommodated by the RHM (e.g., Kroll and Stewart, 1994) since this model proposes stronger conceptual links in L1 than in L2. Furthermore, this model also assumes that the conceptual links in the L1 and L2 would have similar strength if proficiency in both languages is similar, predicting that false memories will not differ between L1 and L2 (e.g., Cabeza and Lennartson, 2005). Finally, as L2 proficiency increases, this theory suggests that the links between L2 words and their concepts strengthened, which predicts higher false memories for higher L2 proficiency participants (e.g., Arndt and Beato, 2017). With an increase in L2 proficiency as a function of language usage (Heredia, 1997), the L2 can even come to be the dominant language, in this case expecting higher false recognition in L2 than in L1 (e.g., Anastasi et al., 2005, Experiment 2).

In conclusion, this review has demonstrated that the DRM paradigm is useful to deepen our understanding of language and memory processes in speakers with knowledge of more than one language. Moreover, this review highlights the importance of language dominance to understand the production of false memories in the L1 and the L2. Therefore, we believe that it is crucial to assess language proficiency and exhaustively report participants’ language backgrounds on research that included more than one language. To do so some questionnaires have been created (e.g., Li et al., 2006; Marian et al., 2007; Luk and Bialystok, 2013; Anderson et al., 2018) that might be useful for future research. Additionally, as previous works showed that participants had far from perfect knowledge of L2 stimuli (Beato and Arndt, 2021), we encourage researchers to evaluate L2 word knowledge within future studies to assess the validity of alternative explanations for memory effects.

After reviewing the available articles investigating false memories in L1 versus L2, an issue that still seems unclear is whether participants translated L2 words during task performance (see Graves and Altarriba, 2014). Thus, further research could clarify this issue by manipulating the presentation rate of studied items or the time available during retrieval. Furthermore, researchers interested in measuring brain electrical activity need to describe the neural correlates of false recognition in the L1 and the L2 as, to our knowledge, no previous research has examined this matter. Additionally, it would be interesting to know whether false memories in the DRM paradigm differ between monolinguals and bilinguals. Although this issue is beyond the scope of this review, it would add valuable information to our understanding of language and memory processes in bilingual speakers.
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FOOTNOTES

1As some concerns have been raised regarding the RHM (e.g., Brysbaert and Duyck, 2010), see Kroll et al. (2010) for a critical review and assessment of this model.

2Note that some reviewed studies also included other experimental conditions.
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Eyewitnesses are often susceptible to recollection failures and memory distortions. These failures and distortions are influenced by several factors. The present review will discuss two such important factors, attention failures and stress. We argue that acute stress, often experienced by eyewitnesses and victims of crimes, directly influences attentional processes, which likely has downstream consequences for memory. Attentional failures may result in individuals missing something unusual or important in a complex visual field. Amongst eyewitnesses, this can lead to individuals missing details, even unusual or important central details, regarding the crime. Surprisingly, few studies have investigated attentional failures in eyewitness scenarios, and none have investigated the relationship between stress, attention, and witness memory. This review will discuss the impact of attentional failures, mainly those resulting from inattentional blindness, in applied contexts in order to bridge to eyewitness scenarios. In addition, we will integrate the applied literature on attentional failures with literature that examines the influences of arousal and stress on attention. We will conclude by presenting how future research may tease apart the independent contributions of arousal and stress on attentional failures and successes and how this research may inform understanding of eyewitness reliability.

Keywords: inattentional blindness, stress, eyewitness memory, emotional arousal, memory distortions

Eyewitnesses, including those who may also be victims of crimes, are expected to remember relevant and accurate information regarding their witnessed crimes. They are questioned repeatedly and are required to remember small, potentially peripheral, details of crimes, such as the identities of other potential eyewitnesses, and more central details, such as the type of weapons present. These details are often crucial pieces of information used in investigations and in the context of legal proceedings.

It is unlikely that eyewitnesses would be able to accurately recall all details of an event. Further, repeated questioning may leave individuals susceptible to memory errors (Thomas et al., 2010; Chan and LaPaglia, 2011) and inflates confidence in repeated details (Shaw et al., 1996). Researchers have focused a great deal of their work on the impact of retrieval processes, engendered by repeated questioning, on eyewitness memory. Much of this work has demonstrated that retrieval of accurate information when questioning is interleaved with the presentation of new, sometimes incorrect, information. This phenomenon, known as Retrieval Enhanced Suggestibility (RES; cf. Thomas et al., 2010) has its roots in the well-established misinformation effect (for review see, Loftus, 2005). Researchers have found that eyewitnesses are extremely susceptible to questioner demand and are likely to report inaccurate information if asked leading questions (Loftus, 1975; Weinberg et al., 1983; Murphy and Greene, 2016). In addition to demand, researchers have demonstrated that post-event information may disrupt access to original event details (cf. Belli, 1989), or may increase source misattributions (cf. Belli et al., 1994).

Although a large portion of researchers have focused on retrieval of witnessed or experienced events, we present a complementary, but equally important, question to consider: how do attention processes influence the encoding and later retrieval of witnessed or experienced events? Memory distortions and errors are not often investigated as a result of attention and encoding failures. In the laboratory, researchers construct memory experiments such that participants are able to attend to and successfully encode a baseline percentage of information. In a real-life scenario, it cannot be assumed that eyewitnesses encoded 60, 25, or even 1% of the information regarding a crime. We suggest that eyewitness memory and false memory researchers should consider factors that may impact attention, in order to understand the reliability of eyewitness and victim memory.


THE CASE FOR INVESTIGATING ATTENTIONAL FAILURES AND STRESS IN EYEWITNESSES

Humans are rarely able to attend to all visual stimuli in their visual field. Furthermore, they are inundated with distractions, such as their cell phones or their conversational partners. As a result of these realities, they are often susceptible to failures of attention. One such failure of attention is inattentional blindness (Mack and Rock, 1998). This is a failure to notice unusual or unexpected events in a complex visual field. There are many instances in which inattentional blindness can negatively impact individuals' lives. It could be as trivial as a jogger looking at their phone to respond to a text and tripping on a curb to something as serious as a driver looking at a billboard and crashing into a telephone pole. In both of these cases, the individual may have been focusing their attention on one task and failed to notice important information in their environment.

This is directly relevant to witnesses of crimes. It is rare that individuals are ever vigilant for a crime while going about their daily lives. As such, individuals who are questioned as “eyewitnesses” may have been present at a scene but may have not noticed a crime occurring. For example, an individual may be sitting at a bus stop listening to music when two cars crash into each other less than a block away. Since they were looking in the general direction of the crash, a police officer might expect them to be able to provide an eyewitness account of the incident. However, the individual, focusing on their music, may not have been attending to the cars before the crash and only became aware of the incident when sirens alerted them. This would be an example of an eyewitness being expected to provide an account based on their memory for the event, even though they had experienced inattentional blindness. While there is limited research into inattentional blindness for crimes specifically, there is a plethora of research that uses paradigms which could, ostensibly, be applied to eyewitness scenarios.

Additionally, we argue that to understand and predict eyewitness memory accuracy, researchers should not only begin to directly relate attentional failures to later memory distortion, but must also begin to examine components of arousal and stress as these physiological responses to external stimuli may have direct consequences on cognitive processes associated attention and memory formation. The acute stress response can be empirically measured in a lab setting and consists of a biphasic, two-pathway response. The first phase, an experience sometimes colloquially referred to as the “fight or flight” response, provides a sudden burst of energy while the second phase helps repair the body after the stressful experience. Marr et al. (2020) identified a fundamental difference in how different types of memory experts tend to view the impact of stress on memory. Eyewitness memory experts have suggested that stress at encoding impairs eyewitness accuracy, while basic memory experts generally argue that stress at encoding may enhance memory. This discrepancy between groups of researchers has limited the investigation of stress on eyewitness memory. For example, stress researchers often use well-validated stress induction techniques to isolate components of immediate and delayed stress responding and measure physiological changes that result from stress induction. In the past, eyewitness memory researchers have not often used these induction techniques and may have instead inferred a stress response using self-report measures. However more recently researchers have begun to use validated stress induction techniques in eyewitness studies (Krix et al., 2016; Sauerland et al., 2016). In these studies, stress was found to not impair eyewitness encoding. These researchers have even pointed out the discrepancies between the two types of memory research, such as different retention intervals and stress induction techniques, and pointed toward a need for improved methodological rigor within eyewitness research (Sauerland et al., 2016).

Furthermore, to our knowledge, while there are some studies that deal with inattentional blindness under potentially emotionally arousing conditions, there have been no studies which have directly investigated the influence of an acute stress response inattentional blindness. Without this critical information, not only are we failing to come to a consensus regarding the impact of stress on memory encoding, but also failing to even research the impact stress may have on parallel cognitive processes such as inattentional blindness.

Therefore, the current review has two aims. The first is to broadly investigate the basic effect of inattentional blindness in both lab and applied settings. The second aim is to detail the limited research regarding the impact of emotionally arousing stimuli and physiological stress on attention and the impact that stress may have on inattentional blindness. We will conclude by discussing the implications of these emotional and physiological factors on eyewitness memory reliability.



WHAT IS INATTENTIONAL BLINDNESS?

The phenomenon now known as inattentional blindness was first demonstrated by Neisser and Becklen (1975), who showed participants three transparent overlapping videos. Two videos depicted people passing basketballs between each other and one depicted a woman with an umbrella walking across the screen. When participants were told to count the number of times one of the teams passed the basketball, 79% of participants missed the umbrella woman walking through the screen. Inattentional blindness, as defined by Mack and Rock (1998), is the phenomenon whereby people tend to miss events that occur in their visual field, no matter how unusual or unexpected those events may be, if their attention is elsewhere. This earlier work by Neisser et al. foreshadows the now famous gorilla experiment (c.f. Simons and Chabris, 1999). In this study, participants counted basketball passes between a group of individuals while a person dressed in a gorilla costume or a woman holding an umbrella walked through the game in clear view of the camera. Participants missed the unusual events 46% of the time.

In a parallel line of research Mack and Rock (1998) had participants look at a small cross on a computer screen and report if the horizontal or vertical arm of the cross was longer. On one of the trials, a small black square appeared in a quadrant of the cross. In this study, an average of 25% of participants failed to notice the black square. However, when participants were simply told to look at the screen without additional attention instructions, all participants noticed the black square. These experiments demonstrated that when people are attending to a task, they can miss other things in their visual field. They also align with Neisser and colleagues' earlier work with more complex and ecologically relevant materials.

While researchers agree that people are susceptible to inattentional blindness, there are conflicting explanations for a potential mechanism for the phenomenon. One possible explanation for inattentional blindness could be that individuals who miss the unexpected stimulus simply did not look at the unexpected stimulus. However, research using eye tracking has shown that this is not the case. There have been several studies that show individuals who were placed in inattentional blindness conditions and individuals who were not given inattentional blindness instructions were equally likely to have eye movements near and even fixate on the stimulus (Koivisto et al., 2004; Beanland and Pammer, 2010).

Another explanation, called inattentional amnesia, was proposed by Wolfe (1999). This explanation purported that the unexpected information is seen and immediately forgotten, rather than not seen at all. Supporting this inattentional amnesia mechanism, Butler and Klein (2009) presented a series of overlapping pictures and words and told participants to report when one of the streams of information (words or pictures) presented the same stimulus back-to-back. They used a recognition task in which participants had lower rates of recognition for the unattended stream of information to show that participants were, in fact, not paying attention to the unattended stream. However, they also found that participants were successfully primed to report information from the unattended stream on a perceptual identification task (completing masked words). The researchers claim that while it is unlikely that participants had explicit awareness of the unattended stream of information, there is evidence that participants were able to perceive the information on some level, and perhaps simply forgot the information at the time of the recognition memory test.

Another study, completed by Ruz et al. (2005), displayed overlapping pictures and letters (which could either spell a word, such as “CLOUD” or a non-word, such as “DLSPR”) to participants. Participants were instructed to attend to either the pictures or the letters and report if stimuli repeated. The researchers used ERPs to find that words were processed differently than non-words by the brain, even when participants were attending to the picture stream of information, not the letter stream. The researchers claimed this may indicate our brains do perceive information, even when that information is not something to which we are attending. Importantly, and contrary to the claims of proponents of inattentional amnesia, this may not be evidence that individuals are forgetting information. This is simply because it cannot show that they encoded the information in the first place.

Furthermore, there is ample evidence that runs contrary to an inattentional amnesia mechanism. One such study, completed by Ward and Scholl (2015), asked participants to report on unusual stimuli mid-trial, before there was any chance for perceptual decay. The researchers found that 13% of participants were still unable to report on an unexpected stimulus even when asked immediately following the stimulus on the fourth trial in which something unexpected occurred and had been told to be vigilant for unexpected stimuli. While this rate of IB is fairly low compared to previous studies, this is still significant compared to the control condition in which the stimulus was expected.

These findings align with early work done by Becklen and Cervone (1983), who presented participants with the stimuli created by Neisser and Becklen (1975). However, unlike Neisser and Becklen, they used different versions of the video that ended at various points- at the end, when the woman with the umbrella was in full view, or directly following the woman's exit. They also told another group that the video would end suddenly, at which time the participant would have to immediately report exactly what was presented. The video for this group ended when the woman with the umbrella was on screen. If a tendency to quickly forget encoded information underlies inattentional blindness, not only should the participants for whom the video ended when the woman with the umbrella was on screen have noticed her more than the other participant groups, the participants who were warned ahead of time to describe exactly what was onscreen when the video ended should be able to describe the woman. However, this was not the case. In fact, researchers found that participants who watched the full video or the video that ended once the woman left noticed her 34% of the time, while participants for whom the video ended while she was onscreen noticed her only 7% of the time, regardless of instructions. This study showed no evidence that information was encoded and then forgotten between the video ending and reporting.

An alternative explanation for inattentional blindness was proposed by Mack and Rock (1998). They proposed that inattentional blindness may not necessarily be a failure of seeing, but rather a lack of explicit awareness of the environment. In other words, individuals who experience inattentional blindness may have some sensory awareness of the information in their environment but that sensation may not reach the threshold of awareness necessary to gain full perceptual attention. Essentially, inattentional blindness may be accompanied by unconscious perception (Mack, 2003). This could be what Butler and Klein (2009) and Ruz et al. (2005) found in their studies. There was no evidence that participants were aware of the information and then immediately forgot it. Instead, participants continued to report a lack of awareness even while their brains registered the stimuli.

To this point, research has not been able to pinpoint the specific mechanism that underlies inattentional blindness; however, the proposed mechanisms both predict that people will fail to report unusual events, even when they occur in plain view. This prediction has dramatic applied consequences. As such, a large literature has been devoted to understanding the inattentional blindness phenomenon in more naturalistic and applied settings.


Inattentional Blindness in Realistic Scenarios

Researchers have examined inattentional blindness in both the lab and in naturalistic settings in order to determine the impact that the phenomenon can have on real-world experiences. For example, Pammer et al. (2015) investigated the potentially dangerous impact that inattentional blindness may have on drivers and bystanders. Participants looked at images of roads (taken from the inside of a vehicle) for 1.5 seconds and were asked to judge whether the image depicted a safe or unsafe environment in which to drive. On a critical trial that contained an unexpected object, participants were also asked if they had seen anything other than the cars, trees, and streetlight. Researchers found that 10% of participants did not report seeing a child running toward the road (the unexpected object). Additionally, over half of participants did not see either an adult or a child standing close by the road. This is an especially concerning depiction of inattentional blindness as the task that participants focused on which made them blind to the road hazards was, quite ironically, looking for road hazards.

Some researchers have also used a lab setting to investigate situations in which eyewitnesses experience inattentional blindness. One such study had participants watch a video of a busy shopping center and either count the number of people wearing a blue shirt, count the number of shopping bags, or just watch the video (Rivardo et al., 2011). Researchers found that 81% of participants who were counting shirts did not notice the theft of a shopping bag, while 62% of people who were counting shopping bags did not notice the theft. Participants who were told to simply watch the video failed to notice the theft only 10% of the time. Importantly, participants who had their attention specifically directed toward stimuli that were directly related to the crime were more likely to notice the crime; however, any task engagement consistently led to higher rates of inattentional blindness than does no task engagement.

Other researchers have looked at rates of inattentional blindness amongst people who are considered “experts” in viewing certain kinds of information. One such study investigated inattentional blindness in radiologists (Drew et al., 2013). Researchers showed a series of lung scans to radiologists and non-radiologists and asked them to identify lung nodules (a common task for radiologists). A gorilla, 48 times the size of the average lung nodule, was on the final scan. Researchers found that 83% of radiologists missed the hidden gorilla while looking for lung nodules, while 100% of non-radiologists missed the hidden gorilla while looking for lung nodules.

Other “experts” have also been found to experience inattentional blindness in their job. For example, Näsholm et al. (2014) found that military personnel tasked with monitoring CCTV footage were susceptible to inattentional blindness for critical information at an alarmingly high rate. Comparing novices and active-duty military personnel, the researchers found that 50% of novices missed a woman placing a suspicious package on the ground and looking into the camera before leaving frame (a task relevant stimulus) and 81% missed a woman in a pirate costume walking into frame and looking at the camera before leaving (a task irrelevant stimulus). Surprisingly, they also found that 61% of the military participants also missed the package stimulus, even though those actions could have severe consequences on a military base, while 76% of military participants missed the pirate. There was no difference in inattentional blindness rates for the participants, regardless of expertise.

Using a more naturalistic approach, Hyman et al. (2009) studied rates of inattentional blindness in college students walking on their campus. They had a person dressed in a clown costume unicycle in a circle near a well-traveled walking path through a campus square and surveyed individuals who walked past the clown. They found that 75% of individuals who were on their cell phones missed the unicycling clown. However, amongst individuals who were not distracted by a cell phone, only 49% of people walking alone missed the unicycling clown, while only 29% of people walking in pairs missed the clown. Common distractions, such as cell phones, led to high rates of inattentional blindness, even for something as absurd, unexpected, and novel as a unicycling clown on a college campus. Interestingly, the individuals walking in pairs noticed the clown more often than the individuals walking alone, a surprising result for those who may think conversation could be a distraction. However, the rate of noticing can be explained by the fact that if one conversational partner noticed the clown, they likely told the other person. Put simply, more observers mean more opportunities for something to be noticed.

In a follow-up study done, Hyman and Wise-Swanson (2014) found that only 6% of 63 individuals who were talking or texting on a cell phone noticed money hanging from a tree branch in the middle of a walking path. Only 19% of the 333 participants who were not engaged in a cell phone saw the money. These data suggest that using a cell phone increases inattentional blindness but that inattentional blindness may still occur even when a cell phone is not in use. The authors suggested that the individuals who were not engaged with their cell phones may have been engaging in some form of mind-wandering. Focusing on their own thoughts may have been an engaging enough task to induce inattentional blindness.

Perhaps more in line with factors that may influence our understanding of eyewitness attentional processes, a naturalistic study completed by Simons and Schlosser (2017) utilized the presence of a gun on the dashboard of a car used in a simulated traffic stop. The simulation was completed by police trainees and experienced police officers as part of a police training exercise. Afterwards, participants were asked if they had noticed the gun plainly displayed in their field of view during the entire traffic stop. Researchers found that the experienced police officers noticed the gun more often than did trainees (67 vs. 42%). However, even amongst experienced law enforcement professionals, who are heavily trained to notice and react to potentially life-threatening objects, a full third of participants missed the unexpected stimulus.

Another study that involved eyewitness attentional processes had participants run behind a researcher while counting the number of times the researcher touched their head (Chabris et al., 2011). At a certain place beside the path were three men in a physical altercation. In this study, only 35% of participants noticed the fight when it took place at night. When it took place in the daylight, 56% of participants noticed the altercation. Noticing rates were also impacted by attentional load. When researchers took away all counting tasks, 72% of participants noticed the fight in the daylight. However, when researchers gave participants two counting tasks, only 42% of participants noticed the fight in the daylight. A full quarter of participants missed something as unusual, violent, and unexpected as a loud physical altercation in broad daylight when simply jogging at a reasonable pace behind another person. This study suggests an important role of attentional load in inattentional blindness, namely that increased attentional load can lead to higher rates of inattentional blindness, especially in a degraded visual field.



Inattentional Blindness in Emotionally Arousing Scenarios

Inattentional blindness can be experienced by everyone, even when the objects that individuals miss are glaringly obvious to an outside observer or directly relevant to tasks the individuals are trying to complete. It can even be experienced by individuals that may be put in danger by the unexpected and unnoticed object. However, there is a significant factor in many such situations that researchers have yet to investigate. Many of the scenarios that have been discussed in this paper thus far, such as traffic stops (Simons and Schlosser, 2017), CCTV surveillance (Näsholm et al., 2014), or witnessing a crime (Rivardo et al., 2011) are scenarios in which individuals are likely to experience emotional arousal and potentially even a physiological response.

Police officers are taught to be aware of life-threatening danger whenever they are on the job, including during routine traffic stops. Military CCTV operators are charged with ensuring the safety of the base and their fellow soldiers within the base. And, most relevant to the current review, eyewitnesses are often exposed to potentially violent, traumatizing, and/or stressful scenarios of many kinds. Being able to look at the direct effect of stress on inattentional blindness is therefore important in understanding both how inattentional blindness manifests in the context of an acute stress response, and how this interaction may influence the reliability of eyewitness memory.

Unfortunately, to our knowledge, there are no direct experimental manipulations of stress in inattentional blindness studies. However, there are studies that use negative stimuli to investigate how inattentional blindness may be impacted when the unexpected event itself is something potentially emotionally arousing (see Table 1 for a summary of these studies). These stimuli are generally items such as spiders, snakes, or guns. One caveat to these studies is that they do not induce stress prior to exposure to the unexpected stimulus. Rather, it is the unexpected stimuli themselves that are intended to induce a stress response. Although this may better align with a real-world experience of an eyewitness (i.e., it is the crime itself that would likely be the threatening stimulus, not a prior scenario), this methodology does not allow for direct examination of acute stress on inattentional blindness. These studies are potentially good indicators of the impact that emotional arousal may have on eyewitness attention but may not provide answers as to how stress impacts eyewitness attention.


Table 1. Summary of studies using threatening stimuli in inattentional blindness paradigms.
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Regardless, these studies do provide some initial information regarding how inattentional blindness is impacted by threatening stimuli. The first of such studies discussed here was completed by Beanland et al. (2018). The researchers had participants fixate on a cross in the middle of a blank screen, which then flicked briefly to a screen containing four pictures of animals or furniture. The task was to identify the pictures. However, on two of the nine trials the fixation cross was replaced by a threat word (“KILLER”) or a non-threat word (“MERGER” or “MILLER”). Only 22% of participants were able to report one of the pictures, while only 8% were able to report both. Of main interest, however, 19% of participants were able to report the threatening word, while only 11% of participants were able to report the neutral word. This result shows that participants were more likely to report a threatening word than a non-threatening one, even when their attention was on a different task.

There are several more studies that utilize pictures, rather than words, to capture an effect of threat on inattentional blindness. One such study found that 81% of participants who were under conditions that encourage inattentional blindness (a line-length judgment paradigm similar to Mack and Rock, 1998) could detect a line drawing of a spider, compared to only 53% who could do the same for a line drawing of a hypodermic syringe (New and German, 2015). When participants were not under conditions of inattentional blindness, 100% of them were able to detect both the spider and needle. Inattentional blindness was present no matter the stimulus, but may have been reduced by the presence of such a classically negative stimulus as a spider, compared to a relatively newer and less commonly negative stimulus as a needle.

Other researchers have used modern threat objects that are more dangerous than a hypodermic needle. Gao and Jia (2017) found that participants under conditions of inattentional blindness with a low perceptual load were more likely to notice a threat object (e.g. a gun; 60%) than a non-threat object (e.g., a flower; 35%). This aligns with the previous studies, in that participants are more likely to notice threatening objects than non-threatening objects. However, amongst participants who were under a high perceptual load, there was no statistical difference between identifying a threatening (35%) and nonthreatening (19%) object. The low-load task was to report the color words (e.g., blue) from three possible words, while the high-load task was to report the color words from six possible words. Both groups of participants had one second to complete this task.

This is interesting, as it suggests that an even incremental increase in task difficulty could eliminate the effect of threatening objects on inattentional blindness. However, other studies that did not induce perceptual load found a different pattern of results. For example, Wiemer et al. (2013) found that there was no difference in noticing rates of an unexpected picture of a spider (52%) compared to an unexpected picture of a flower (58%). Importantly, these findings contrast those reported by New and German (2015), who used a similar procedure. Furthermore, on a later test of memory, participants were as likely to remember the spider as they were the flower (Wiemer et al., 2013). A reasonable explanation for the difference could be that the flower used by Wiemer et al. (2013) was simply more noticeable than the syringe or fly used by New and German (2015), but it is unclear if this could explain the discrepancies. However, the researchers also found that pictures of spiders resulted in higher skin conductance responses and more saccadic eye movements toward them than did pictures of flowers, even amongst individuals who did not report noticing either picture. This suggests that participants may have processed the stimuli as a threat, even though the threat did not increase rates of noticing the unexpected stimulus.

Further support for the conclusion that threatening stimuli may not impact inattentional blindness comes from a study done by Calvillo and Hawkins (2016), who also used an identification task to assess rates of inattentional blindness. Participants were shown a set of four words around a screen and had one second to find the sport word (e.g., softball). On one trial, an unexpected object appeared in the middle of the screen. The researchers found that there were no differences in noticing rates for threatening (50%) and non-threatening objects (39%). In fact, due to low identification rates of two of their stimuli in particular (a sword and a snake), threatening objects were actually identified less frequently (32%) than were non-threatening objects (53%). In addition, they found that participants were more likely to correctly identify still pictures of animate objects (e.g. a spider or bird; 54%), regardless of potential threat associated with the stimulus, compared to inanimate objects (e.g., a gun or bed; 36%). The authors concluded that it is not the threat that captures attention, but rather if the objects are animate.

In a parallel line of research, studies have shown that penalties and rewards also have little impact on inattentional blindness. In one study, researchers created a computer game in which participants had to avoid enemies, as collisions with enemies would decrease their score, and hit friends, as collisions with friends would increase their score. During this game, an object that matched either the enemy color or the friend color traversed the screen. The researchers found no difference in noticing rates between objects whose colors matched the enemies,' as opposed to friends.' Participants did not notice unexpected objects, even when those objects were associated with a cost in their task (Stothart et al., 2017).

Similarly, when participants were given a task in which certain colors were associated with actual monetary rewards, the reward did not impact inattentional blindness (Redlich et al., 2019). In contrast, although military-trained CCTV operators missed seeing a woman setting down a suspicious package and then leaving in CCTV footage, researchers found that trained and novice operators were more likely to notice the woman setting down a package than they were to notice a woman in a pirate costume staying in frame for an equivalent period of time (Näsholm et al., 2014). This is important for two reasons. First, missing an individual who has a suspicious package on CCTV footage is arguably a more relevant “cost” than missing an object similarly colored to an enemy that makes a participant lose points in a computer game or even a color that is associated with money. Second, being aware of suspicious packages is ingrained in our culture (Morewitz, 2019) and is a well-known potential threat. Because of these reasons, the point that Stothart et al. (2017) made may still stand. In a lab, participants are much less likely to recognize an object as a threat, so extra care must be taken to ensure that participants are reacting to the stimuli in ways the researchers expect. Ecologically valid paradigms, such as those using videos of real people engaging in threatening actions, are potentially the only way we can truly assess how individuals react to threatening stimuli.

The research to date does not suggest a clear picture of how individuals' rates of inattentional blindness would change with the introduction of a threatening stimulus. One thing is clear, however; even in cases in which the threat is clear and present and results in lower rates of inattentional blindness, the rates are never reduced to zero. As this relates to eyewitness reliability, the consequences may be errors of omission, memory distortion, and confabulation. Although the highest rate of noticing reached 90% (c.f., New and German, 2015), it is important to note that noticing was defined as simply acknowledging the odd occurrence without including the specifics of the occurrence. Further, this high level of noticing was found in the context of a controlled laboratory experiment and may not represent the conditions experienced by real-world eyewitnesses.




AROUSAL, ATTENTION, AND MEMORY

The above studies may be inducing physiological or psychological arousal due to the negative emotions induced by the stimuli. Emotional arousal at the time of encoding has well-studied impacts on later memory. This is relevant to the present review as the physiological and psychological impacts of emotionally arousing stimuli and an acute stressor are similar (Lang and Bradley, 2007; Campbell and Ehlert, 2012). Witnessing or being a victim to a crime may elicit a negative emotional experience. In controlled experiments, researchers have attempted to induce negative emotional arousal to understand the impact it may have on later memory. The literature on emotions and memory is vast; therefore we will focus the present discussion on studies that have examined eyewitness memory specifically or have examined the relationship between negative emotional arousal and attention.

The highly influential Easterbrook hypothesis (1959) proposed that attention narrowing occurs in the context of high emotional arousal. Whereas individuals at moderate levels of arousal are able to attend to many cues in their environment, resulting in a higher level of performance on tasks, individuals with higher levels of arousal may experience attention narrowing, resulting in salience of a subset of cues and obscurity of other cues. For example, in the context of witnessing a crime, negative emotional arousal may result in the salience of a weapon and the hand that is holding the weapon, but indistinctness or ambiguity of non-focal elements (Kocab and Sporer, 2016).

Christianson and Loftus (1991) presented participants with a narrative witnessed event across a series of ordered pictures that contained a target picture wherein a woman either rode the bicycle (neutral event) or was lying on the ground, injured from a bicycle accident (emotional event). The researchers found that participants exposed to the negative picture within the series exhibited better memory for the central detail (color of the woman's coat) but poorer memory for the peripheral detail (color of a car driving in the background) compared to those who viewed the neutral picture.

Yegiyan and Yonelinas (2011) found similar results using individual pictures, rather than a narrative. The pictures were selected from the International Affective Picture System (IAPS; Lang et al., 2008) and depicted scenarios that were designed to elicit varying levels of emotional arousal. Central details were defined as those that would change the description of the event if removed, while peripheral details were defined as those that would not change the description of the event if removed. The authors found that participants who rated the emotional content of negative pictures in the upper half a scale from one (low arousal) to nine (high arousal) exhibited poorer recognition memory for peripheral details than central details in those pictures. The authors concluded that negative emotional arousal likely led to memory narrowing at the highest levels of arousal, a conclusion that aligns with the Easterbrook hypothesis (1959).

Another study compared the memory of police officers for a domestic dispute incident that contained a handgun (the high arousal situation) and a domestic dispute incident that did not contain a handgun (the low arousal situation; Hulse and Memon, 2006). The researchers found that participants who were exposed to the high arousal situation recalled fewer details but were more accurate overall than those exposed to the low arousal situation. While this study did not differentiate between central and peripheral details, this provides further evidence that participants exposed to high levels of emotional arousal are only able to attend to a subset of information while maintaining high levels of performance.

Further, Christianson (1992) suggested that the relationship between negative emotional arousal and memory may depend on whether the emotional stimuli are related to the primary memory task or witnessed event (e.g., if the stimulus that induced emotional arousal was the crime about which the witness is then questioned). Hanoch and Vitouch (2004) considered this idea of arousal-congruent performance and concluded that, in order to see the true impact of emotional arousal on performance, researchers should induce emotional arousal using information that is relevant to the task for which researchers measure performance.

Controlling for attentional capture and fixation, Christianson et al. (1991) found that the emotional arousal-memory effect was unlikely the result of overt attentional processes. As in the earlier study, they exposed participants to a series of sequential pictures that depicted a narrative. The series contained negative and neutral pictures. When participants were restricted to a single fixation on the central object in the critical picture, participants shown the negative pictures had better recall performance for the central detail than did participants who were shown the neutral pictures. As each participant fixated on the same detail for the same length of time, this result cannot be explained by differing levels of overt attention. This same pattern occurred when participants were allowed multiple fixations. Participants who were shown negative pictures had better recall performance for central details and shorter fixation duration than did participants who were shown the neutral pictures.

Kim et al. (2013) recorded the eye movements of participants while exposing them to either negative or neutral picture stories. The authors found that participants had poorer recognition memory for peripheral details in a negative picture story than in a neutral picture story. They also found that participants in general were able to recognize central details after only a short fixation, while peripheral details were better recognized when they were fixated for a longer duration. The impact of fixation length on central details was even less relevant to memory when the pictures were negative, as central details in negative pictures were fixated for significantly less time than were central details in neutral pictures, even though the memory for those details was equal in negative and neutral conditions. However, there was no difference in duration fixation between the negative and neutral conditions for peripheral details, even though memory for those details was poorer in the negative condition than the neutral condition.

Emotional arousal at the time of encoding has an impact on subsequent retrieval. When emotional arousal is induced using negative stimuli, individuals exhibit increased memory performance for details that were central to the event and/or decreased memory performance for details that were peripheral to the event.



THE BIPHASIC ACUTE STRESS RESPONSE

Emotional arousal is only one aspect of the eyewitness experience. Another important factor that none of the previously discussed studies manipulated is the physiological response to an acute stressor. An acute stress response has the potential to occur in both eyewitnesses to and victims of crimes. This response occurs in two phases. The first phase results from the activation of the sympathetic-adreno-medullar (SAM) axis (Godoy et al., 2018). During this phase the body shuts down all unnecessary bodily functions. Adrenaline, a fast-acting and quick-burning source of energy, is released in high volume and heart rate increases.

About 20 min after the stressor has occurred, the body begins to enter the phase two stress response (Kirschbaum et al., 1993). The phase two stress response is directed by the hypothalamic-pituitary-adrenal (HPA) axis (Everly and Lating, 2013). In this phase, the body begins to restart bodily functions and heart rate begins to slow. The production of adrenaline is decreased and replaced with cortisol, a longer-lasting source of energy (Kirschbaum et al., 1993). It is possible to measure participants' response to an acute stressor during this phase by comparing their cortisol levels during a phase two stress response with their cortisol levels prior to stress induction. The peak of this stress response occurs 20 min after the introduction of the stressor (indicated by a peak in cortisol levels around this time; Kirschbaum et al., 1993). The physiological markers of a phase two stress response are generally gone within 24 h of experiencing the stressor.

There are many physiological and psychological similarities between emotional arousal and the acute stress response. Exposure to negative emotionally arousing pictures or videos has been found to increase stress hormones such as adrenaline and noradrenaline (related to the phase one stress response) and cortisol (related to the phase two stress response; Gerra et al., 1996; Codispoti et al., 2003). A well-validated set of emotionally arousing photos, the International Affective Picture System (IAPS; Lang et al., 2008) has been found to reliably induce changes in both overall heart rate and heart rate variability, as well as increase skin conductance (Appelhans and Luecken, 2006; Lang and Bradley, 2007), factors also associated with a stress response (Mackersie and Calderon-Moultrie, 2016; Kim et al., 2018). Therefore, while these responses are discussed separately in the present review, they may have similar impacts on attention and memory and should both be considered when investigating eyewitness reliability.

Although the acute stress response likely accompanies the eyewitness experience, to my knowledge only one study exists that has manipulated the effect of arousal (associated with phase one stress responding) on inattentional blindness. This study had individuals view the gorilla video created by Simons and Chabris (1999) while under varying conditions of physical activity (Hüttermann and Memmert, 2012). They found that participants who did not engage in physical activity noticed the gorilla 20% of the time, while participants under a medium physical load noticed the gorilla 40% of the time. Importantly, high physical load reduced noticing of the gorilla to zero. This pattern of results was replicated in the same paper with a different set of stimuli. However, it is possible that the physical activity itself may have served to divide attention, which had impacts on the cognitive processes independent of those associated with physiological changes.

We propose that researchers should invest efforts in additional studies that examine the acute stress response on attention and inattentional blindness in eyewitness-like scenarios. As opposed to using stimuli that may increase arousal, we argue that new research employing well-established stress induction paradigms should be combined with basic and applied inattentional blindness paradigms. There are many different validated protocols that have been created to induce stress in the lab, such as the Trier Social Stress Test (TSST; Birkett, 2011) or the Socially Evaluated Cold Pressor Test (SECPT; Schwabe and Schächinger, 2018). By incorporating these protocols, this area of research would foster the development of a more comprehensive and generalizable model of eyewitness reliability.

Although little is known about stress and inattentional blindness, there is a small body of work examining stress and attention and a larger body of research focused on stress and memory encoding processes. A meta-analysis by Shields et al. (2016) found that individuals undergoing an acute stress response exhibit improved response inhibition (i.e., ability to withhold responses when necessary; mean effect size, g+ = 0.296) but impaired cognitive inhibition (i.e., selective attention or ignoring; g+ = −0.208). Furthermore, this effect is found to hold true regardless of delay between the stressor and the tasks and regardless of cortisol levels, which indicates that the impact of an acute stressor on task performance is the same whether participants were in phase one or phase two of an acute stress response.

One of the studies analyzed by Shields et al. (2016) that demonstrated decreased cognitive inhibition was completed by Sänger et al. (2014). In this study, researchers induced stress in half of participants and then gave them a task during the phase two stress response. This task required participants to report a luminance change in stimuli while ignoring more salient orientation changes in the same stimuli. They found that participants who had been exposed to the stressor made more errors (i.e., missed responding to the task entirely or responded to orientation rather than luminance) than did participants who were not stressed. Furthermore, the electrophysiological data from the same study showed that stressed participants paid less initial attention toward the luminance of the objects (i.e., the task-relevant stimulus) compared to non-stressed participants. This indicates that stressed participants had greater difficulty inhibiting the task-irrelevant information than non-stressed participants.

However, other researchers have found results that do not support the conclusions. Booth and Sharma (2009) exposed participants to a stressor (a loud white noise) during a Stroop task. This task was completed during a phase one stress response. They found that participants who were stressed were better able to ignore irrelevant information than were those who were not stressed. This result aligns with findings presented by Chajut and Algom (2003), who found that participants who experienced a phase one stress response were better able to selectively attend to information than were participants who were not stressed.

In a related line of research, Qi et al. (2018) found that participants in a phase one stress response reported the direction an arrow was pointing faster than non-stressed participants. The authors hypothesized that stressed participants were able to focus only on the important perceptual details (i.e., the head of the arrow) rather than the entire image. All three of these studies took place during a phase one stress response, while the opposite result found by Sänger et al. (2014) occurred during a phase two stress response. This could indicate that a phase one stress response allowed the individuals to engage in more efficient perceptual processing. Rather than impairing cognitive inhibition, a phase one stress response could improve it. This conclusion, however, is muddied by the results of the meta-analysis conducted by Shields et al. (2016), which found stress impaired cognitive inhibition whether the studies tested participants during a phase one or phase two stress response.

Additionally, the impact of stress on individuals' ability to inhibit distractions is unclear. Selective attention could be improved during the phase one stress response (Chajut and Algom, 2003; Booth and Sharma, 2009; Qi et al., 2018). This could mean that participants who experienced a phase one stress response may be better able to focus on a single task and may be less likely to notice an unexpected stimulus. However, Shields et al. (2016) claim that, regardless of stress phase, participants who experienced a stress response may be more susceptible to distraction. Future research needs to specifically investigate the impact of the stress response phase on distractibility in order to make concrete claims in this area.

The impact of stress on attention is not the only factor important to consider in the case of eyewitnesses. Another equally important piece of information is how stress impacts memory. The impact of stress on memory is a well-researched field. In general, participants who experienced a stress response during an emotional event exhibit improved encoding of that event, compared to participants who did not experience a stress response (Cahill et al., 2003; Payne et al., 2007; Henckens et al., 2009). As crimes are often experienced as emotional and may lead to an acute stress response, eyewitness memory may be less susceptible to distortion than previously thought. Furthermore, a stress response at the time of encoding an emotional event has even been found to reduce the negative impact that misleading post-event information has on memory (Hoscheidt et al., 2014). This is another indication that moderate levels of stress may actually be a benefit for eyewitness memory, even downstream.

We present a theoretical model based on the present state of the literature that has investigated the interactions between the two phases of the stress response, attention, and memory (Figure 1). A stressor occurs that induces a moderate level of stress, such as witnessing a theft. The stress response occurs in two phases. The phase one stress response, a product of the SAM pathway, pushes the body into a fight-or-flight response (Godoy et al., 2018). The hormones released lead to improved encoding of the event as well as improved post-encoding processes, such as consolidation and post-event retrieval (Gagnon and Wagner, 2016). In addition to encoding processes, the phase one stress response impacts attention. This most likely occurs as a reduction in cognitive inhibition, leading to poorer selective attention and less effective ignoring (Shields et al., 2016). Attention is focused on information that is central to the event, perhaps, in the case of a theft, the perpetrator themselves or the property being stolen. Information that is peripheral to the event, perhaps the identities of other witnesses, is attended to less (Christianson and Loftus, 1991; Yegiyan and Yonelinas, 2011; Kim et al., 2013).


[image: Figure 1]
FIGURE 1. Proposed theoretical model. The stressor results in the simultaneous activation of the SAM pathway and the HPA axis. SAM activation results in the immediate release of adrenaline and norepinephrine, impacting attention, encoding, and post-encoding processes, while the HPA axis is slower acting and results in the release of cortisol, impacting encoding and post-encoding processes. SAM activation may direct attention toward central event details, which subsequently impacts both memory encoding and post-event processes. The release of cortisol may also impact post-encoding processes.


The phase two stress response, occurring around 20 min after the initial stressor, is a product of the HPA pathway (Kirschbaum et al., 1993). At moderate levels, this response has been found to improve both encoding and post-encoding processes (Gagnon and Wagner, 2016). Therefore, a witness to a theft might have improved encoding, consolidation, and post-event retrieval due to the phase two stress response.

Overall, moderate stress would likely have a positive impact on memory for the event providing individuals are attending to details that are central to the event. If individuals are not attending to central details, it is probable that they would not exhibit the beneficial impact that moderate levels of stress can have on memory. It is important for future researchers to begin to incorporate paradigms that encourage individuals to attend to information not central to the target event, such as inattentional blindness paradigms, so we can have a better understanding of how attentional failures may interact with the present model.

Future research into inattentional blindness and stress should begin with a study that investigates the basic impact of a phase one stress response (such as that experienced by eyewitnesses) on inattentional blindness. Participant stress should be induced using a validated stress induction technique, such as the Trier Social Stress Test (TSST) or the Socially Evaluative Cold Pressor Test (SECPT). Immediately following stress induction participants should undergo a basic and well-tested inattentional blindness procedure, such as the line judgement task (Mack and Rock, 1998). The results of this experiment would provide some initial understanding of the impact of experimentally manipulated physiological stress on inattentional blindness. Once this has been determined, future experiments could begin to investigate the downstream consequences stress during attention may have on later retrieval.



CONCLUSION

Research into inattentional blindness has been ongoing for decades. There have been a multitude of studies completed in both laboratory and real-world settings that have all come to the same conclusion: humans are susceptible to missing information in our environments, even when that information is seemingly important or unique. This phenomenon may be especially relevant and unfortunate for eyewitnesses, who are already susceptible to memory failures, with this increased susceptibility a function of both attention and encoding failures. Therefore, we present an argument that research should examine the downstream consequences on eyewitness memory failures and distortions as impacted by inattentional blindness. Further, we argue that attention, encoding, and retrieval of witnessed and experienced events should also be investigated within the context of physiological and psychological reactions likely to occur when witnessing or being the survivor of a crime.

The failure to incorporate stress into inattentional blindness research has made it difficult to properly apply inattentional blindness research to eyewitness scenarios. Future research must incorporate experimentally manipulated and valid stress induction into the current inattentional blindness paradigms. Eyewitnesses most commonly experience a phase one stress response during the event, so a phase one stress response would be most applicable to real-world eyewitness scenarios.

Inattentional blindness can be an extremely dangerous attention failure. However, without further research into the direct effect of stress on inattentional blindness, researchers and lawyers alike cannot effectively gauge the efficacy of a potential eyewitness. Researchers must work to combine our knowledge of the impact of stress on attention and inattentional blindness to better serve our scientific understanding of both phenomenon and our ability to impact the legal field.
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The use of list-learning paradigms to explore false memory has revealed several critical findings about the contributions of similarity and relatedness in memory phenomena more broadly. Characterizing the nature of “similarity and relatedness” can inform researchers about factors contributing to memory distortions and about the underlying associative and semantic networks that support veridical memory. Similarity can be defined in terms of semantic properties (e.g., shared conceptual and taxonomic features), lexical/associative properties (e.g., shared connections in associative networks), or structural properties (e.g., shared orthographic or phonological features). By manipulating the type of list and its relationship to a non-studied critical item, we review the effects of these types of similarity on veridical and false memory. All forms of similarity reviewed here result in reliable error rates and the effects on veridical memory are variable. The results across a variety of paradigms and tests provide partial support for a number of theoretical explanations of false memory phenomena, but none of the theories readily account for all results.

Keywords: false memory, DRM paradigm, activation monitoring theory, fuzzy trace theory, global matching


INTRODUCTION

Over the past 25 years, the Deese-Roediger-McDermott (DRM; Deese, 1959; Roediger and McDermott, 1995) paradigm for studying experimentally induced false memories has been used in thousands of studies. To give a simple example, as of January 2021, a search on SCOPUS indicated the 1995 paper has been cited over 2,450 times. The basic findings of this corpus of research suggest that studying lists of related words (e.g., butter, knife, slice) elicits reliable false recall and recognition of a non-presented critical item (CI, e.g., bread).

The false memories obtained using this paradigm are robust across testing formats [see Gallo (2006, 2010), for reviews], emerge after encoding as few as four or five related list items (Coane et al., 2007, in preparation), and persist weeks to months following study [Seamon et al., 2002; Coane et al., manuscript in preparation; but see Colbert and McBride (2007)]. The DRM false memory illusion is highly replicable, both between and within participants (Zwaan et al., 2018), indicating that awareness of the paradigm does not eliminate the effect. Indeed, administering a warning to avoid recalling the CI prior to study (Gallo et al., 1997; Huff et al., 2012) or promoting more distinctive encoding processes [e.g., Israel and Schacter, 1997, see Huff et al. (2015), for a review and meta-analysis] reduces, but does not eliminate, the illusion. When queried, participants are highly confident in their accuracy for these falsely remembered items (e.g., Roediger and McDermott, 1995) and will make confident source attributions to the non-presented lures (Payne et al., 1996). Further underscoring the strength of these false memories, when assessing the phenomenological reports given by participants, they are likely to identify the CI as remembered rather than known, suggesting that specific episodic details are associated with the retrieval of the lure (Brainerd et al., 2003; Geraci and McCabe, 2006). Furthermore, the effect is present across age groups, languages, and in individuals with dementia and other forms of neurological damage (Balota et al., 1999). In fact, normative studies have generated DRM lists across several languages, including Spanish (Anastasi et al., 2005; Beato and Díez, 2011), French (Brédart, 2000), Italian (Senese et al., 2010), Portuguese (Albuquerque, 2005), and Romanian (Horoitǎ and Opre, 2020). DRM studies have also been conducted in Chinese (Guo et al., 2004) and Japanese (Kawasaki and Yama, 2006) languages, replicating the false memory effect in non-alphabetical languages. Despite obvious language differences across these studies, patterns found in the DRM paradigm are remarkably consistent: Manipulations that affect false memory rates using English materials show similar patterns in other languages. In sum, this work highlights the malleability of memory and the importance of examining how related words can give rise to high-confidence memory errors.



DEFINING SIMILARITY

The use of list-learning paradigms that are dependent upon similarity between list items and CIs to explore false memory has underscored several critical findings about the contributions of similarity and relatedness in memory phenomena more broadly. Such issues are at the core both of research in episodic memory and in understanding the organization of knowledge in semantic memory. In fact, these questions have been examined, in one way or another, for decades, if not since the beginning of traditional memory research. In his seminal study, Ebbinghaus (1885/1913) purposely selected meaningless syllables to avoid the potential contamination of meaning-based information in recall. The use of meaningless stimuli, which, by definition, are unrelated to one another, was a hallmark of early memory research (McGeoch, 1942) as scholars attempted to uncover memory principles and processes.

However, meaning-level information, broadly defined, exerts a powerful effect on many cognitive processes. Cognitive systems are highly adept at applying meaning to information in the environment through pattern recognition processes and the application of top-down processes (i.e., prior knowledge, context information). Organizational processes such as the Gestalt principles underscore how readily the cognitive system uses surface level features, such as proximity and similarity, to create a coherent representation of the environment. Such processes give rise to phenomena such as visual illusions and pareidolia (i.e., detecting faces in non-face stimuli; Ichikawa et al., 2011), and are critical for how the mind organizes a complex environment. These organizational principles further extend to memory systems, where reliance on structures such as schemas and categories support encoding and retrieval processes by simplifying the amount of information to which an individual must attend. For example, categorization allows one to quickly retrieve previously known information about a novel member of a category and reduces the need for re-learning (Bruner et al., 1956). Relying on schemas and scripts similarly minimizes the amount of effort and attention necessary for navigating the world. Such reliance on prior knowledge systems and structures, however, does come at a cost: namely, the introduction of errors through a reconstructive memory process, which occurs when previous experiences are retrieved (Bartlett, 1932; Bergman and Roediger, 1999; Schacter, 2001; Roediger and DeSoto, 2015). Reconstructive processes might be more likely to occur when information is poorly encoded, due perhaps to inattention, or forgotten, due to decay or interference, leading to increased reliance on existing knowledge structures to “fill in the gaps” in a memory. This is illustrated in many types of memory errors, from schema-driven errors (e.g., falsely recalling books in an office; Brewer and Treyens, 1981) to misinformation effects (Loftus, 2005). The DRM paradigm is similarly dependent on these established knowledge systems stored in semantic memory, such that studying the list items results in the increased accessibility or familiarity of the CI due to the shared meaning between items.

Several other paradigms in memory research have underscored the powerful effects of relatedness in short- and long-term memory. For example, in short-term memory tasks, phonological similarity effects (Conrad, 1963; Baddeley, 1964; Wickelgren, 1965) refer to high error rates for phonologically and/or orthographically similar items and reflect the high reliance on surface-level features in short-term memory. In Baddeley's working memory model (Baddeley and Hitch, 1974), this is mediated via the active maintenance of verbal information in the phonological loop. When short sets of items from the same category are studied, the degree of proactive interference observed is dependent on the degree of similarity between sets (Wickens, 1970); this suggests that, in addition to phonological information, semantic information is also processed and preserved in short-term memory. Classic work examining long-term recall and recognition also highlights the powerful effects of relatedness on retention. For example, related word lists are recalled better than unrelated ones (Huff et al., 2011). Lists of categorically related words are not only recalled better than unrelated ones but show clustering effects such that the shared meaning provides organizational structure at retrieval (Bousfield, 1953). Such effects occur spontaneously or when category cues are provided at retrieval (Tulving and Pearlstone, 1966).

Clearly, as this brief (and selective) review highlights, similarity along multiple dimensions exerts powerful effects on memory. This raises the question of how similarity is defined. Characterizing the nature of “similarity and relatedness” can inform researchers about factors contributing to memory distortions and about the underlying networks that support episodic memory. An examination of the semantic memory literature reveals that operationalizing relatedness in terms of meaning is far from straightforward. One of the fundamental debates in the literature concerns whether relatedness is driven by lexical-level associations or by semantic similarity [see Kumar (2021), for a recent review]. The former refers to the types of associations in the language that are due to co-occurrence or other types of experience. For example, cat and dog are related because they tend to be encountered in similar contexts (e.g., both are house pets, or are found in idiomatic expressions such as “it's raining cats and dogs”). Items like dog and leash are related because of a functional association [although some researchers argue that functional relations are a form of semantic relatedness; see Lucas (2000), Wu and Barsalou (2009)]. Conversely, semantic similarity is defined as similarity in terms of overlap of primitive features or category membership. In this case, cat and dog are related because they generally share physical features (e.g., fur, claws, four legs) and belong to the same category. In an extensive review of the semantic priming literature, Hutchison (2003) concluded that automatic semantic priming, which refers to the facilitation observed when a target item (e.g., dog) is processed faster and/or more accurately when it is preceded by a related prime (e.g., cat) than an unrelated prime (e.g., pen), can occur following both associative relations and feature overlap. Overall, semantic priming tasks suggest that access to a target can be facilitated by associations and semantic similarity.

One of the most compelling lines of evidence in support of associative priming comes from mediated priming tasks. In such experiments, prime-target pairs are developed such that the prime and target are not directly related to each other, but indirectly related to a non-presented mediator that connects them (e.g., lion-stripes, in which the non-presented mediator is tiger; Balota and Lorch, 1986). Because mediated pairs do not share any features directly, they provide strong support for associative accounts of priming (Hutchison, 2003). Conversely, priming from synonyms and antonyms is consistent with feature overlap accounts of priming. The traditional DRM lists used in most research contain a mixture of semantic and associative relations and as such, are consistent with both semantic and associative accounts of priming. As we discuss below (see Theories of False Memory in the DRM Paradigm), whether false memories in the DRM paradigm are due to semantic and/or associative processes is at the center of theoretical debates about the mechanisms that give rise to errors. Careful manipulation of the type of relation between list items and CIs can refine these theories.

Although meaning-based similarity is a powerful determinant of memory errors, cognitive systems are also highly tuned to detecting and identifying patterns and similarity in terms of surface features. In addition to semantic priming, priming can also occur when primes and targets are related phonologically and/or orthographically (i.e., form priming). It is beyond the scope of this work to provide a full review of the literature on these forms of priming effects [for reviews see Rastle (2007), Farrell et al. (2012), Humphreys et al. (2016)]; such effects are robust in both spoken and written language. Whether priming is facilitatory or inhibitory depends on several factors, such as stimulus onset asynchrony, task demands, and masking, to name a few. However, there is consistent evidence that related primes do affect the time it takes to retrieve a target. One important element is that such effects are due to lexical level factors and are independent of meaning. Thus, form priming appears to be distinct from semantic priming.

Similarly, memory errors can emerge due to the encoding of formally or structurally similar items. For example, Koutstaal and Schacter (1997); Koutstaal et al. (1999, 2003) have repeatedly demonstrated false memories based on perceptual information for images (both meaningful and abstract), and Zeelenberg et al. (2005) reported false memories following the study of lists of non-words. Further, variants of the DRM paradigm using items that are related phonologically and/or orthographically have produced robust false memory rates (e.g., Sommers and Lewis, 1999; Watson et al., 2003). Thus, similarity between list items and CIs—in terms of meaning or surface features—result in memory errors. In the present work, we provide an overview and review of research using the DRM paradigm to examine several manipulations of “similarity.” The findings from this work can be used in testing theories for explaining false memory in this paradigm and further our understanding of how these factors affect memory more generally. We note that most of the work using verbal materials in this area has been conducted in English; where relevant, we include evidence from other linguistic and alphabetic systems.



THEORIES OF FALSE MEMORY IN THE DRM PARADIGM

There are several current theoretical explanations of false memory. The activation-monitoring framework (AMF; Roediger et al., 2001) emphasizes the role of automatic spreading activation in lexical/semantic networks (e.g., Collins and Loftus, 1975) that increases the accessibility or familiarity of the CI through shared pathways. In support of the role of activation-based processes, the degree to which list items and CIs are associated (backward associative strength, BAS) based on free association norms (Nelson et al., 2004), is the best predictor of false recall and the second-best predictor of false recognition (Roediger et al., 2001). In addition, evidence that false memories emerge under divided attention conditions (Peters et al., 2008), occur following incidental encoding tasks (Dodd and Macleod, 2004), and via the presentation of list item distractors during a recognition test (Coane and McBride, 2006), further supports the automatic nature of this process. The second process, source monitoring (Johnson et al., 1993), can result in the misattribution of this activation to a studied event rather than to the internal generation of the CI. Source monitoring is a controlled, resource-demanding process that is necessary to avoid errors and, when it fails, an increase in false memories is observed. Evidence in support of this process is found in studies that have shown a reduction in errors when an explicit warning to avoid critical intrusions is given (Gallo et al., 1997; McCabe and Smith, 2002; Neuschatz et al., 2003), for individuals with higher working memory (e.g., Watson et al., 2005), and younger (vs. older) adults (Balota et al., 1999), where the last two groups typically possess stronger memory monitoring capacities. Thus, the AMF includes two opponent processes: an error-increasing activation process and an error-reducing monitoring process.

Separately, fuzzy-trace theory (FTT; Brainerd and Reyna, 2002) presupposes that upon experiencing an event, two parallel traces are stored: a verbatim trace, which preserves item-specific and contextual information, and a persistent gist trace, which is based on the extraction of the general meaning of the encoded information. FTT attributes false memories to reliance on the gist trace based on the similarity between list items. CIs are consistent with the gist or thematic coherence of the list, leading to errors, whereas memory for list items can be supported by both gist and verbatim traces. Verbatim memory can serve to reduce errors through a process referred to as recollection rejection. Verbatim traces tend to decay more rapidly, whereas gist traces are persistent (e.g., Abadie and Camos, 2019). Thus, FTT incorporates an error-increasing mechanism (gist memory) and an error-reducing mechanism (verbatim memory/recollection rejection). Evidence consistent with FTT includes findings that false memories are more persistent than veridical memories [Toglia et al., 1999; Seamon et al., 2002; but see Colbert and McBride (2007)] and higher rates of false memories for lists with a stronger thematic coherence (Cann et al., 2011; Carneiro et al., 2014).

Finally, global matching models (GMM) such as MINERVA2 (Hintzman, 1986, 1988; Arndt and Hirshman, 1998) suggest that items are encoded in memory as feature vectors; related items share features, thereby leading to similar traces. The extent to which a retrieval probe matches vector traces stored in memory determines whether an item is recognized as studied or not. The feature matching process results in a familiarity echo signal that is stronger with more feature overlap between a probe and the memory traces. Feature overlap is summed for each study-test item comparison, which results in an activation value. Activation values are then summed across item comparisons to provide a familiarity level for each test probe. Because CIs, by definition, share features with all studied list items, when presented as probes they will likely elicit a strong level of familiarity due to the summed activation from the feature matches across the items, thereby leading to an incorrect old response. One advantage of these models is that they can readily account for false memories for non-words (Zeelenberg et al., 2005) or abstract images (Koutstaal et al., 2003), as they do not require pre-existing mental representations that would result in activation or gist extraction. Some also assume that when a test probe is compared with an encoded trace and overlapping features are found, all of the traces' features are activated as activation spreads from those features that overlap with the probe (Hintzman, 1986). Furthermore, these models have flexibility in defining what the features that are stored in memory traces are and include semantic features as well as surface level features.

A common factor across these theories is that they attribute an important role to similarity in veridical and false memory effects. As noted above, similarity can be defined in terms of lexical/associative properties (e.g., shared connections in associative networks), semantic properties (e.g., shared conceptual and taxonomic features), or structural properties (e.g., shared orthographic or phonological features). In the AMF, similarity is defined in terms of connections between nodes in lexical and semantic networks; in FTT, similarity is based on gist traces that are meaning-based; and in GMM, similarity emerges through shared features that are stored with each memory trace, broadly defined. Thus, exactly how similarity or relatedness is defined varies somewhat across theories. By manipulating the type of list and its relationship to a non-studied CI, we have explored the effects of varying types of similarity on veridical and false memory in a variety of memory tasks, assessing short- and long-term memory, using recall and recognition tasks, priming tasks, and in younger and older adults. Here, we review prior research manipulating list type. To preview our conclusions, all forms of similarity we have manipulated thus far have resulted in reliable error rates and the effects on veridical memory were variable, suggesting that multiple forms of relatedness support both accurate and erroneous memory.



DECOMPOSING SEMANTIC AND ASSOCIATIVE SIMILARITY

As noted above, a core question in the field of semantic memory concerns the nature of the representations, their organization, and, by extent, how relatedness is defined. If knowledge is primarily represented and organized along shared meaning, such as category relatedness, then shared primitive features (e.g., has skin, has four legs, breathes) would be critical in determining whether two concepts, and the words that represent them, are related. Conversely, if organization relies more on shared occurrence or broader principles of association, the connections between items would not depend on shared features as much as on more broadly defined relations and on co-occurrence in similar contexts (e.g., Landauer and Dumais, 1997). Manipulations of list type in the DRM paradigm have explored the question of what sorts of items elicit greater false memory. In broad terms, researchers have distinguished between categorical lists, in which the CI is either a member of the same category as the list items (e.g., a list of fruits with apple as the CI) or a category superordinate (e.g., a list of fruits with fruit as the CI), and associative lists, in which the list items and CIs are related based on free association norms (e.g., a list of items related to the CI fruit includes words such as pie, basket, and bowl). The first two types reflect semantic level relationships, whereas the latter relies more on associative and lexical relationships (although the two types of relationships are often confounded). In what follows, we use the term categorical to refer to relationships that depend on category co-occurrence or membership and shared features and the term associative to refer to relationships based on lexical co-occurrence.

Early research attempting to examine the roles of associative and categorical relations in the DRM found that associative lists resulted in higher false memory (Buchanan et al., 1999) and larger priming effects (Smith et al., 2002) than categorical lists. Other work (Dewhurst et al., 2007; Knott and Dewhurst, 2007; Knott et al., 2012) found that manipulations such as divided attention at encoding or manipulations of list presentation (e.g., blocked vs. random) exerted parallel effects on false memories for both list types. An important factor, however, is that BAS was higher in associative than categorical lists, introducing a potential confound. When BAS was matched, however, false memories were equivalent across list types, although the lists were not “pure” in that associative lists also included some category coordinates (Knott et al., 2012). In contrast, Park et al. (2005) reported higher rates of false recall and false recognition for associative than for categorical lists, even after controlling for BAS. Because BAS is a strong driver of false memory (Roediger et al., 2001) and some types of semantic relations, specifically synonyms, situation features, and taxonomic relations, are predictors of BAS (Cann et al., 2011), it can be difficult to tease apart the effects of association from those of shared features. To address this, we (Coane et al., 2016, 2020) developed novel lists that were matched in BAS but differed in whether they shared basic features. Non-categorically associated (NCA) lists consisted of associates to a CI that did not share features or come from the same category (e.g., dog CI with bone, bark list items), whereas categorical plus associative lists (C+A) lists had equivalent levels of BAS as the NCA lists, but also shared features and/or came from the same category (e.g., dog CI with cat, wolf list items). Thus, for each CI, we had two lists: one that shared features and one that did not. Norming studies confirmed that feature similarity was greater in the C+A lists than in the NCA lists. Importantly, the lists were matched not only in BAS, but along several other dimensions [e.g., word frequency, connectivity, semantic distance according to the Latent Semantic Analysis; Landauer and Dumais, 1997; see Coane et al. (2016), for details on list development and pre-testing]. We underscore the importance of matching the lists on key dimensions that are known to influence word recognition and lexical access. Although the relationship between access and activation is not fully understood, if a given item is accessed faster, this could result in more activation than an item that requires more time to access (cf. Westbury et al., 2002).

Under these conditions, C+A lists have reliably elicited higher false memory rates than NCA lists in both recall and recognition tasks [Coane et al., 2016, 2020; see also Montefinese et al. (2015)]. This suggests that, above and beyond activation as captured by BAS alone, semantic or feature similarity results in an increase in false memory, a phenomenon we refer to as a feature boost. One possibility is that shared features provide additional activation beyond that which comes from associations. Semantic priming research suggests that, when primes and targets are category coordinates, such as goat-dog, coordinates that are associated, such as cat-dog, generate larger priming effects than those that are not, a phenomenon referred to as an associative boost (Hutchison, 2003). In other words, associations and semantic similarity might exert additive effects on target or CI accessibility.

An alternative account of the feature boost is that there are differences in the extent to which error-reducing mechanisms, such as monitoring or recollection rejection, are effective. Although warnings generally reduce false memories, their effectiveness varies with the identifiability of the CI. Specifically, when the CI is easier to identify (Neuschatz et al., 2003; Carneiro et al., 2012; Huff et al., 2012, 2018) or when CIs are strongly thematically related to lists (Carneiro et al., 2014), warnings are more effective. To test whether the effect was due to differential CI identifiability, we (Coane et al., 2020) compared false memory for C + A and NCA lists after a warning or after participants were instructed to guess the CI. The guessing task provided an estimate of how accurately participants could identify the CI, as well as an implied warning given that participants were tasked with identifying a “missing” item. Although CIs from C + A lists were more difficult to identify, an explicit warning was equally effective at reducing errors in across list types. Importantly, when participants were able to correctly identify the CI, false alarms were equivalent across list types. Further, conditional analyses on recognition responses as a function of prior recall (one of the post-list task conditions) indicated that the feature boost only occurred when CIs had not been recalled previously. In other words, prior recall or correct guessing eliminated the feature boost effect, indicating that the feature boost in recognition only occurred when CIs were not explicitly identified either by guessing or prior recall. Thus, the feature boost does appear to be due, at least in part, to difficulties in discriminating, and thus rejecting, the CI.

In addition to our approach to separate the effects of associative and thematic similarity by holding BAS constant, other work has addressed the core question of how to tease apart semantic and associative similarity. Specifically, Brainerd et al. (2020) created a pool of 120 four-item DRM lists that varied widely in their mean BAS values and in their degree of semantic similarity between list items and CIs. All lists were normed to determine a measure of gist strength (GS) and empirically examine how BAS and GS jointly influence false recognition. They concluded that GS reliably predicted CI false recognition across levels of BAS, whereas mean BAS only predicted CI false recognition when mean GS was low.

Although in the present review we have focused on the comparison of categorical and associative lists, another manipulation is worth noting. Hutchison and Balota (2005) attempted to decouple associative strength from meaning or gist by developing lists in which the CI was a homograph (e.g., fall). In critical conditions, the list included items related to both meanings of the CI (e.g., stumble, trip as well as autumn, leaves). Thus, the meaning of the list items was associated to the CI at a lexical level, but the two halves of the list converged on two distinct meanings at the semantic level. False memories for these lists were compared to DRM lists in which all list items converged upon a CI with a single meaning. Critically, BAS was held constant between list types. False memories were equivalent across homograph lists and DRM lists both when homograph lists were blocked by meaning and when meanings were alternated within a list, indicating that divergent meanings exerted less of an effect than associations of any meaning, even when divergent meanings were less consistent with alternating presentations. More recently however, Huff et al. (2015) reported that blocked homograph lists could increase false recall relative to alternated lists, but only when the test was delayed. Taken together, these findings suggest that the influence of meaning and associative information on false memories is complex and variable.

Before discussing the theoretical explanations of these effects, we wanted to address some recent extensions of this work. First, we examined the effects of warnings and guessing the CI from NCA and C+A lists in a sample of older adults. Healthy aging is associated with preserved automatic processes and declines in controlled processing, and older adults have equivalent or elevated false memories compared to younger adults (e.g., Schacter et al., 1997; Balota et al., 1999; Liu and Cao, 2002; Huff and Aschenbrenner, 2018; Pansuwan et al., 2020). Older adults are also less likely than younger adults to benefit from a warning (McCabe and Smith, 2002), and there is evidence of different lifespan time courses for reliance on taxonomic (i.e., categorical) and associative or thematic information (Mirman et al., 2017; Belacchi and Artuso, 2018). Categorical information depends on more abstract and complex knowledge systems, and this organizational system emerges later in childhood compared to associative or thematic organization. As adults age, they benefit less from categorical information in recall compared to younger adults (Huff et al., 2011), whereas the benefits of associative or thematic information show less of a decline. Thus, it was possible that the feature boost would not be observed for older adults, who might rely, instead, more heavily on associative information.

In a study similar in design to Coane et al.'s (2020), a sample of 120 healthy older adults were assigned to one of the same four conditions in the study with young adults (Coane et al., in preparation): guess the CI, complete math problems (a no-retrieval control condition), complete a free recall task, or complete the free recall task with a warning. A final recognition test was then completed. The data were analyzed in conjunction with the younger adult data from Coane et al. (2020) to examine possible age differences. Older adults were less likely to correctly guess the CI for both C+A and NCA lists compared to younger adults and correct guesses were much higher for NCA lists than for C+A lists. Overall, younger and older adults' identification of the CIs was similarly affected by the different types of list relations. Free-recall performance revealed that warnings were effective for both younger and older adults in decreasing false recall of the CI, but again, there was no interaction with age or with condition. Veridical recall did not differ by age or condition, although, consistent with our earlier work, C + A list item recall was significantly greater than NCA item recall.

Older adults' performance on the final recognition test1 also mirrored the results in younger adults: Warnings reduced false recognition overall, significantly so relative to the no-warning recall condition, indicating they were still effective on a delayed test. Importantly, C + A lists elicited higher false alarms than NCA lists, and, although older adults had higher false alarms overall vs. younger adults, age did not interact with list type or condition.

Thus, older and younger adults do not differ in the extent to which the feature boost occurs. Furthermore, the lack of age differences suggests that the effect might be driven in large part by processes that are unaffected by age. CI identification, although lower in older than younger adults, appears to be one such process: If the CI is identified, participants appear to be able to use this information to reduce errors. However, because the CIs from C + A lists are less likely to be identified, the process is more likely to fail for these lists, resulting in higher error rates.

We have also examined the feature boost in short-term memory using a modified Sternberg task (Sternberg, 1966) with DRM lists (Xu et al., 2017). Participants studied lists of six items from a C + A or an NCA list and, after each list, responded to a single probe: the CI, a studied item from the set, or a non-studied item from the same list. False alarms to both CIs and non-studied items were higher for C+A than NCA lists; thus, a feature boost was found even under immediate test conditions when very short lists were studied. This suggests that the error-increasing effects of additional similarity in terms of features emerges rapidly and occurs when participants should be able to accurately monitor the source of an item's familiarity (because of the small set size and short delay). Overall, based on both our published and unpublished work, when CIs are both associatively related and share features with list items, false memories are greater than when there are no shared features present. The effect is robust across warning conditions, test type, and age.

Turning to how the three primary theoretical accounts can accommodate these findings, the AMF has difficulty explaining the difference in false memories across NCA and C + A lists given the equivalent BAS across list types. The automatic activation process, which is assumed to be predicted by BAS, should be equivalent. One possible explanation is that multiple sources of activation, lexical level associations and semantic level conceptual representations, are independent of one another and contribute separately to affect the activation or accessibility of the CI. This suggests that associations, as captured by free association norms, might be “missing” some important aspects of similarity or relatedness. In addition, the AMF cannot readily account for independent effects of forward associative strength (FAS, or the extent to which CIs elicit the list items in free association; Arndt, 2015), because the CI is not encoded, and thus, would not directly activate the list items, unless a complex process of mediated activation occurs. Conversely, this account can readily accommodate the findings from homograph lists, which appear to be driven by associative strength independent of meaning. As this review shows, similarity is a complex construct that reflects multiple layers and levels that might include several different features, including categorical, associative, lexical, orthographic, and semantic relations.

Conversely, FTT can quite readily accommodate the feature boost in long-term tests: Given that false memories are supported by gist traces, which depend heavily on thematic similarity, items sharing many features are likely to give rise to a stronger, more coherent gist. Thus, the benefit from shared features fits nicely with this theory. In addition, the evidence from Brainerd et al. (2020), that GS predicts false recognition whereas BAS only does so when GS is low, makes FTT a viable explanatory mechanism for these effects because GS is assumed to influence gist extraction and gist-sensitive retrieval processes. However, the fact that C + A CIs were harder to identify could be problematic, given that a stronger gist should be easier to identify. In addition, the feature boost effect in short lists with immediate tests is not consistent with this description because with short lists and delays, verbatim information should be more heavily relied on than gist for recognition responses, resulting in a reduction in the feature boost effect. Further, FTT has difficulty accommodating the results of the homograph lists: Theoretically, the mixed lists include two distinct gists, which should result in the storage of two weaker gist traces than lists with a single meaning convergence. However, the increased false recall for blocked over alternated lists on delayed but not immediate tests is consistent with FTT, suggesting that the stronger gist from blocked lists persists over time.

Unlike the other two models, GMMs can account for both sets of findings if the similarity between the stored and test traces is a function of both lexical level associations and primitive features. Because these models assume that many types of features (semantic associations, categorical features, and structural/lexicographic features) are stored during encoding and then compared with test probes during retrieval, any type of overlap would presumably increase activation, and in turn familiarity, for the CIs at test. For both the feature boost effect and false memories for homograph lists, these models describe retrieval responses based on activation of all the different types of features involved. Thus, GMMs predict a feature boost effect for C+A lists due to the larger amount of feature overlap with list item traces compared with NCA lists and a similar (or larger) amount of overlap in features for homograph lists compared with standard DRM lists.



MANIPULATIONS OF ASSOCIATIVE SIMILARITY: MEDIATED LISTS

Despite its difficulty with the feature boost effect, the AMF fares better with results from studies examining mediated associations. One of the primary assumptions of the AMF is that false memories are the result of activation in lexical and semantic networks, which results in the indirect activation of the CI. Consistent with this, longer lists result in higher false alarm rates (Robinson and Roediger, 1997; Coane et al., 2007). Network models, such as Collins and Loftus's (1975), include dense networks of nodes, representing words and concepts, that are connected via pathways; the length of a pathway reflects the strength of the association between two nodes. Through a spreading activation mechanism, activation of one node results in an increase in activation of all nodes connected to it. Furthermore, this initial burst of activation continues to spread in a graded fashion throughout the network. Consistent with this assumption, mediated priming has been obtained for nodes separated by one (Balota and Lorch, 1986; Coane and Balota, 2011) or two (Chwilla and Kolk, 2002) mediators.

According to the AMF, then, studying a list of items that are directly related to an associate of the CI but are not themselves directly related to the CI, should result in increased activation of the CI. For example, for the CI river, directly related items include water, boat, and swim. The mediated list includes faucet (related to water, but not to river according to the Nelson et al., 2004, free association norms), yacht (related to boat, but not river), and pool (related to swim, but not to river). To test whether mediated lists can create false memories for such CIs, Huff and Hutchison (2011) had participants study mediated lists that were immediately followed by a free-recall test or arithmetic problems (i.e., a control condition). Following completion of several study list-recall/arithmetic cycles, all participants completed a final recognition test. On the initial test, false recall of mediated CIs was not found, however, reliable false recognition of mediated CIs was found on the final test. Additionally, mediated false recognition was greater for participants who completed initial recall tests vs. arithmetic problems. Thus, consistent with an implicit AMF, false memory for CIs was found in the absence of a list theme that is directly related to the CI and this pattern was restricted to the delayed recognition test. This pattern indicates that activation processes leading to mediated false memories are likely implicit in nature, do not occur on a recollection-heavy free-recall test, and only emerge on recognition when implicit familiarity-based processes contribute to memory responses. Mediated false recognition effects were also found across different study durations (3,000 ms vs. 500 ms) and following a guessing task where participants were asked to generate the mediated CI immediately after study. Correct guessing of mediated CIs was very low, providing additional evidence regarding implicit processes that occur with mediated lists.

In a second series of experiments, Huff et al. (2012), developed new mediated lists that utilized the same CIs in the original DRM lists [Roediger and McDermott, 1995; Stadler et al., 1999; see Huff et al. (2012), for details]. Thus, for each CI, we included a direct list (i.e., the traditional list of DRM associates) and a mediated list. Participants intentionally encoded each list and performed one of four tasks that were completed immediately after study: arithmetic problems, free recall, free recall with a warning about the nature of the DRM lists, or the guessing task. Again, very few participants were able to successfully guess the CI from the mediated lists, confirming the lack of a clear theme. Warnings were effective at reducing intrusions of the CI for direct lists, and false recall of mediated CIs was very low. However, on a final recognition task, CIs from mediated lists were indeed again recognized at significant rates, consistent with spreading activation processes in AMF. More importantly, warnings and the guessing task increased false alarms to mediated CIs relative to the recall task, whereas they decreased false alarms to direct CIs. This ironic effect of guessing suggested that the additional elaborative processing participants engaged in while trying to identify the CI increased its activation. However, the difficulty in identifying the CI rendered the warnings—both the explicit warning given in the recall condition and the implied warning in the guessing condition—ineffective. A highly similar pattern of results was observed in an aging sample (Coane et al., 2016). Because older adults typically show preservation of automatic processes along with declines in more controlled processes (Balota et al., 2000), the age invariance of the effect is consistent with the involvement of automatic activation processes.

More recently, we have further evaluated implicit activation processes of mediated lists using a semantic-priming paradigm. Specifically, we (Huff et al., 2021) presented participants with mediated study lists which were immediately followed by a test list in which the CI was presented in the first, third, or eighth test positions to assess the time course of CI activation following study. Participants were tasked with responding to test items using either a semantic-classification task (concrete vs. abstract decisions), a pronunciation task (reading test items aloud), or an old/new recognition task, in which the first two tasks assessed response latencies. Mediated false recognition patterns were again in evidence, and this pattern was consistent across test positions. Importantly, CI priming was also found across test positions and this pattern was greatest in the first test position, but declined (though remained statistically reliable) across the remaining test positions. Priming was similar on both classification and pronunciation tasks. Moreover, the shape of this priming pattern is consistent with spreading-activation processes which are argued to dissipate as time and the number of intervening items between prime(s) and target increases.

Overall, the results of our work examining mediated false memories is consistent with the AMF, given its reliance on spreading-activation mechanisms in existing semantic networks. The ironic effects of guessing and warnings provide further support for the role of monitoring processes: When monitoring fails due to a failure to identify the CI, false alarms increase. Although the activation process is assumed to be automatic and thus does not require attentional processes, sustained attention, and elaboration can increase or maintain activation (Neely, 1977). In addition, the sustained focus and retrieval attempt can strengthen an episodically formed network of associated items resulting in a more persistent trace when a retrieval mode is engaged (Tulving, 1983; Meade et al., 2007). Mediated false memory is challenging for FTT: The lack of thematic consistency renders the gist extraction process difficult if not impossible, as shown by the difficulty participants have in identifying the CI. Thus, it is not clear at present, how this theoretical approach can accommodate these findings. However, GGMs might be able to account for these results due to the activation of all of a trace's features when overlap with the test probe is found (Hintzman, 1986). If one assumes that mediated items share sufficient features with the CI itself to activate all the mediated items' features (e.g., the presentation of the CI river activates the “water” feature of list item faucet, which matches that feature of the CI), then the features that do overlap between them might be similar enough that the familiarity echo would be of sufficient strength to elicit an incorrect response. However, this assumption would lead one to predict lower rates of false alarms for mediated than direct list CIs but similar patterns for these rates across task conditions, and as the results of these studies show, there is a dissociable pattern of false alarms for mediated and direct list CIs across math, recall, and guessing/warning conditions (Huff and Hutchison, 2011; Huff et al., 2012). Thus, these results present some difficulty for the GMMs.



MANIPULATIONS OF STRUCTURAL SIMILARITY: PHONOLOGICAL AND ORTHOGRAPHIC LISTS

Another form of similarity that results in significant false memories in recall and recognition is in terms of structural elements, namely shared phonemes and graphemes. Orthographically and/or phonologically similar items (hereafter, we refer to them as phonological associates for brevity) share spelling and/or pronunciation with the CI, generally in the absence of shared meaning. For example, the phonological list for the CI sleep includes items such as sleet, keep, and steep. The items often, but not necessarily, rhyme or share the first letters or letter clusters. Although the effects of phonological similarity on memory, particularly short-term memory, have been well-documented for decades, after the publication of Roediger and McDermott (1995) these effects were more systematically explored in long-term memory tasks, specifically false memory. Sommers and Lewis (1999) developed phonologically related lists using parameters from the Neighborhood Activation Model (NAM; Luce and Pisoni, 1998), which specifies that, in spoken word recognition, words are organized in similarity networks based on shared phonemes. In this model, a neighbor is an item that differs from another item based on a single phoneme; it is thus comparable to Coltheart et al.'s (1977) metric for quantifying orthographic neighbors (i.e., words that differ by a single grapheme).

Research using the DRM paradigm can inform researchers on the interactions between visual word recognition and memory processes, which are often examined separately (e.g., Westbury et al., 2002; Cortese et al., 2008; Hutchison et al., 2018). Specifically, this paradigm can be used to test predictions of word recognition models and results suggest some long-term maintenance or persistence of verbatim information. Many models of word recognition, whether spoken or written, assume that activation levels are determined by the relationship between words or word components (e.g., onset, syllable, coda). For example, Coltheart et al.'s (1993) dual process model assumes that similarity is defined within each lexicon; for example, in the orthographic lexicon, shared letters result in neighbor activation. In Plaut et al. (1996) model, which is based on parallel distributed processing, shared sublexical nodes become active and facilitate related target access.

Westbury et al. (2002) attempted to identify which specific sublexical components were most important in determining false memory rates by developing lists that shared the initial phoneme, the head (first two phonemes), or the rime (last two phonemes) with a monosyllabic CI. Head and rime related lists both elicited greater false recognition than initial phoneme lists, although all three list types elicited greater false alarms than completely unrelated controls. However, they did not find evidence suggesting the effect was driven by orthographic overlap, even though lists were presented visually. In contrast, Cortese et al. (2008) did find that false memories increased when lists had both high phonological and orthographic overlap, relative to when orthographic overlap was low. These effects have also been tested in Chinese (a logographic language where characters that differ in written forms can be pronounced similarly, as in English, but similarly written characters can also be pronounced differently). Qu and Ding (2010) found false recognition of CIs with phonologically associated Chinese lists. Furthermore, the degree of similarity did not appear to affect false memory because list items that shared the same syllables or items that only shared onsets or rhymes with the CI produced similar false alarm rates. Using orthographically associated Chinese lists, researchers also observed false recognition of CIs (Qu et al., 2010). In contrast to what was found with phonologically similar lists, false recognition rates were positively related to similarity, as reflected by higher false recognition rates when the CIs shared a larger orthographic overlap (i.e., tonetic symbol) with the list items. This differential pattern might originate from the logographic nature of Chinese language, such that the orthographic information is more associated with semantic content than the phonetic information (Lin and Han, 1999).

In further tests in English, Hutchison et al. (2018) found that adding a single item that shared the initial phonemes with a CI to eight associates in studied lists resulted in a significant boost in false recall and specifically in false remember responses to recalled CIs. This is consistent with models of spoken word recognition that suggest that initial phoneme information is important in narrowing a pool of potential neighbors during word recognition, such as the cohort model (Marslen-Wilson and Tyler, 1980). Of particular interest is the finding that the addition of the phoneme overlap item only affected false memory when it was presented after the associates and not before, consistent with the cohort model's predictions that context pre-activates potential targets and phonological information provides a selection mechanism.

In sum, lists consisting of neighbors of a CI have elicited robust false memories in both recall and recognition tasks, in some cases comparable to those obtained using semantically related lists. These findings have since been replicated many times (e.g., Oliver et al., 2016; Finley et al., 2017), confirming that structural similarity between list and lure items results in elevated false memory rates. In some cases, phonological lists yield similar false memory rates to semantic lists (e.g., Sommers and Lewis, 1999), but in other cases, phonological lists elicit lower rates of false memory (e.g., Watson et al., 2003). At very rapid presentation rates (i.e., 20 ms/item), phonological lists yield higher false recall rates than semantic lists; as presentation rates increase, the opposite occurs (McDermott and Watson, 2001; Ballardini et al., 2008). This suggests that early in processing, similarity in terms of surface features is more critical than similarity in terms of semantic properties. Given that long-term memory is heavily dependent on semantic coding and that surface level information is quickly lost (Sachs, 1967), this finding is not particularly surprising.

More recently, we (McBride et al., 2019) examined phonological false memories in a short-term memory task. The phonological coding of verbal material in short-term stores is one of its key characteristics; thus, we expected to find elevated errors to phonologically related CIs. Prior work (e.g., Coane et al., 2007; Atkins and Reuter-Lorenz, 2008; Flegal et al., 2010) had extended the DRM to short-term memory tasks, finding reliable error rates with lists as short as four or five items and test delays as short as 1 s. In our work, we directly compared semantic and phonological lists using a modified Sternberg (1966) task. Using materials from Watson et al. (2003), we created lists of six phonological and six semantic associates for each CI. After each list, a single probe was presented: the CI, a studied list item, or a non-studied associate from the same list. In addition to replicating findings of semantically driven false alarms that exceeded those for non-studied probes, false alarms to phonologically related CIs were much greater than those to semantically related CIs. Thus, in the short-term, memory errors in the DRM paradigm are more sensitive to structural/phonological similarity to the CI than to semantic similarity. Interestingly, when directly comparing short- and long-term memory for both list types, there is a reversal in false alarms to CIs: On a short-term test, phonological lists elicit more errors than semantic lists; but on a delayed test, semantic lists elicit more errors than phonological lists (Coane et al., in preparation).

There is also work examining the independent contributions of semantic and phonological similarity to CIs. Watson et al. (2003) combined lists of semantic and phonological items to create hybrid lists. These lists elicited a hyper-additive effect—false memories increased substantially when one, two, or three phonological associates were embedded in a list of semantic associates (list length was held constant across these conditions). Finley et al. (2017) further demonstrated that this hyper-additive effect was bi-directional: Including semantic associates in phonological lists or phonological associates in semantic lists resulted in parallel increases in false memories and the effect appeared to plateau after approximately three items were added. However, in a short-term task, these parallel effects were not observed: Inserting one or two semantic associates in a phonological list did not affect false memory rates, whereas inserting one or two phonological associates in a semantic list caused a dramatic increase in false memory rates (McBride et al., 2019). These studies show that replacing semantic associates in standard DRM lists with phonological associates not only increases false memory for the CI, but it also creates an over-additive effect on false memory. These findings highlight the separate contributions of semantic and phonological similarity to false memories.

Additional evidence for the role of structural overlap between list items and CIs comes from work using non-word stimuli (Zeelenberg et al., 2005). Following study of lists of similar non-words, the occurrence of false alarms to non-studied non-word CIs that shared phonemes with the list items suggested that participants were relying on surface features of the presented materials to drive a memory decision. Using lists of pseudohomophones (e.g., dreem, bedd, awaik), Cortese et al. (2008) found reliable false memories for semantically related items (i.e., sleep). The fact that pseudo-homophones, which result in reliable priming effects in word recognition tasks (Lukatela and Turvey, 1991), resulted in semantic activation of the CI underscores the importance of phonological information and its role in activating associative information. Taken together, the results using phonologically and orthographically related items, whether words or non-words, suggest that this type of similarity does negatively affect memory accuracy. Furthermore, the evidence suggests that these effects are stronger at shorter delays, whereas more persistent false memories are observed for semantically related items. To our knowledge, phonological lists have not been used in studies assessing forgetting rates at delays of more than a few minutes.

Although we have focused on verbal materials, it is worth noting that similar effects of perceptual or structural similarity have been observed with non-verbal materials such as categorized pictures (e.g., Seamon et al., 2000; Koutstaal et al., 2001), faces (Shimane et al., 2020), and novel shapes (Koutstaal et al., 2003). However, even with these materials, the false memory effects appear to be mediated by conceptual knowledge. For example, in Koutstaal et al.'s (2003) study, older adults, who typically have higher false memory rates than younger adults, only made more errors when novel shapes were given verbal labels. Similarly, Wang et al. (2018) concluded that false memories from pictures are due to the contributions of conceptual information. Using abstract images as stimuli, Sikora-Wachowicz et al. (2019) observed false memories in younger and older adults in a short-term memory task. Older adults in particular appeared to have increased difficulty discriminating studied items from foils, although this effect was observed for both targets and lure items, suggesting a more generalized deficit in sensitivity.

Given the parallels between the NAM (Luce and Pisoni, 1998) and network models such as Collins and Loftus' model [1975; see also Anderson (1983), Steyvers and Tenenbaum (2005)], which rely on spreading activation principles, at a general level, these findings are consistent with the AMF. Specifically, the basic assumption that neighbors in a network activate one another and result in increased familiarity or accessibility can accommodate both semantic and lexical networks. Although the underlying activation mechanism is similar in accounts of phonological and semantic false memory, in some cases, the mechanisms appear different. For example, Ballou and Sommers (2008) failed to find a correlation between phonological and semantic false alarm rates. Tse et al. (2011) provided evidence that the activation mechanisms involved in semantic and phonological false memories are distinct by examining discriminability measures and observing that CIs from semantically related lists were less discriminable than associates from the same list, whereas the opposite was true for phonologically related CIs. Furthermore, when a remember/know task (Tulving, 1985) designed to assess recollection and familiarity is employed, semantic lists yield more remember false alarms (e.g., Gallo et al., 1997; Geraci and McCabe, 2006), whereas phonological lists yield more know false alarms. This suggests that participants are basing their judgments on different information in the two cases, which might, in turn, reflect the fact that semantic lists drive attention to conceptual relations and thus more vivid and detailed memories, whereas phonological lists drive attention to surface features and less vivid memories (akin to a level-of-processing effect; Craik and Lockhart, 1972). In general, however, models based on activation processes can accommodate the results from phonologically related lists.

FTT, conversely, has more difficulty accommodating these results, given that gist traces are typically assumed to be derived from shared meaning. It is plausible that a structural similarity gist could be extracted; however, if that were the case, because gist is more persistent than verbatim traces, the reversal of false memory effects as a function of retention interval might be more difficult for this theory to accommodate. In fact, in recent work by one of the lead proponents of FTT, she claimed that “verbatim memory is memory for surface form, for example, memory representations of exact words, numbers and pictures. Gist memory is memory for essential meaning [emphasis added], the ‘substance' of information irrespective of exact words, numbers, or pictures” (Reyna, 2012, p. 333). Thus, lures that are similar to list items along dimensions that are distinct from the meaning of the items, should not be falsely remembered based on this definition of gist. An alternative to false memories based on gist might be through a process of trace disintegration, whereby verbatim traces decay and are recombined incorrectly during a retrieval process. However, using a modeling approach to estimate the contributions of gist and verbatim traces, Nieznański et al. (2019) concluded that the latter account is unlikely and that a more plausible account is that gist traces can emerge based on patterns of perceptual and surface similarity. However, even if one accepts that a “surface” or pattern gist is extracted, hyper-additive effects of phonological associate additions to DRM lists are also difficult to explain unless there is an assumption that two different gist traces are stronger than one.

More problematic for both AMF and FTT are non-word data. Because non-words, by definition, do not have a pre-existing memory trace and do not have meaning, it seems implausible that an activation model could readily accommodate them, given the relative dependence of this approach on pre-existing representations. GMMs, however, could readily account for these, as well as similar findings, by relying on trace similarity. Where GMMs have difficulty, though, is in explaining dissociations in false memories for phonological and semantic lists across short- and long-term delays. In GMMs, it is assumed that features of stored traces decay or are interfered with over time with no distinction made in the type of feature. However, other feature matching models, such a Nairne's (1990) feature model of short-term memory allow for weighting of different types of features over time. If such weighting is assumed, then GMMs can more readily account for the different results found at short- and long-term delays with different types of lists.



CONCLUSIONS

In this review, we have considered the different ways that “similarity” has been defined with an emphasis on how these definitions affect the creation of false memories. This has shown how complex and multi-faceted a concept “similarity” is in this area of research. Generally speaking, memory is affected by all of the definitions considered here: semantic associations, feature overlap, phonological associations, and orthographic/lexical associations. Further, these effects are mostly age-invariant, as many studies have shown similar effects for young and older adults.

The results across a variety of paradigms and tests provide partial support for many theoretical explanations of false memory phenomena, but none of the theories readily account for all of the results. Specifically, when the word lists consisted of items that were indirectly related to the CI through a mediator but shared no direct relationship to the CI, false memories were most consistent with activation models, which assume that activation spreads through the network in a graded fashion. Because these lists do not have a common gist or many shared features, fuzzy-trace and global-matching models cannot as easily account for the results without additional assumptions. GMMs might be able to predict mediated false memories if the representations of the list items share sufficient features with the CI or with items more strongly associated to the CI. Conversely, when list items were both associatively related and shared primitive semantic features with the CI, false memories were greater than when lists were purely associatively related. Such a finding is inconsistent with activation-monitoring accounts, which prioritize associative strength as a mechanism, but consistent with fuzzy-trace and global-matching models, which emphasize similarity in terms of meaning, features, or gist. The AMF, to account for the feature boost effects, might incorporate multiple levels of activation as a core mechanism. Such an assumption was explicit in Collins and Loftus's (1975) original framework, in which semantic and lexical level information is coded. Thus, if activation spreads along pathways reflecting associative or lexical relations and along separate pathways reflecting semantic or conceptual relations, and this activation is additive in nature, the feature boost could be explained. Finally, false memories observed with lists of phonologically or orthographically related items can be accounted for by activation models, if the assumption is that the networks involved in supporting memory performance are organized in terms of structural similarity as well as semantic/associative similarity. Global-matching models can also account for such findings, provided perceptual/structural features are stored, but only if feature weight is assumed to vary in order to explain dissociations across short- and long-term delays. Finally, because fuzzy-trace models generally assume that gist is based on shared meaning, such an account cannot as readily account for these findings. By including a gist trace that is based on structural similarity it is plausible that FTT could account for these findings, although more specification would be needed. In addition, the assumption of FTT is that gist traces are more persistent than verbatim traces; however, the fact that phonological information appears to decay rapidly might be problematic, in that it would involve different forms of gist with potentially different parameters.

Clearly, the present review fails to provide unequivocal support for any of the major theoretical approaches discussed here. One potentially fruitful avenue for future work would be to critically examine the extent to which the distinction between the effects of structural, lexical, and semantic properties—which have been at the core of memory research for decades (e.g., Craik and Lockhart, 1972)—is as well-defined as it is typically assumed to be. For example, early conceptualizations of memory systems assumed that short-term stores primarily maintained structural properties, whereas long-term stores depended on semantic properties [see Greene (2016), for a review]. Evidence from a number of paradigms (e.g., orthographic distinctiveness effects) in addition to the phonological false memories discussed here suggest that structural information is retained in long-term memory and is involved in reconstructive processes. Furthermore, numerous effects point to the maintenance of semantic information in short-term memory (e.g., proactive interference effects, short-term false memories). Although there are clearly important distinctions between meaning-based and perceptually-based properties of stimuli, the evidence presented here does suggest that in many ways such properties exert similar effects on memory. Thus, further examining the extent to which such properties contribute to veridical and false memory and how they might interact with one another could help constrain and clarify the theories proposed here. At the moment, GMMs appear to be the most flexible in accommodating the results, given the way in which they are assumed to represent memory traces as arrays of features that are not necessarily semantic or perceptual in nature. However, such models might need to further specify the additive effects of associative and categorical effects (i.e., the feature boost) and the ways in which perceptual traces appear to have different decay rates than semantic traces.

Before closing, we acknowledge that the present review did not examine important work and converging evidence from neuroscientific and neuropsychological approaches. The question of how similarity and relatedness are represented has a long and rich history within the field, from early studies on category-specific deficits [see Lambon Ralph (2014), for a review] to work on semantic dementia, which reflects a selective loss of semantic memory in conjunction with relative preservation of episodic memory (e.g., Rogers et al., 2004; Lambon Ralph and Patterson, 2008) to more recent studies examining the role of modality-specific in semantic representations (Martin, 2007). Given that false memories driven by semantic and/or associative relations likely rely on pre-existing semantic representations, which are either activated or relied upon to extract gist traces, a more profound understanding of how these substrates contribute to episodic false memories is important. Charest et al. (2014) noted that, although there is a substantial degree of similarity across individuals in how objects are represented neutrally, idiosyncratic differences at the individual level could be predicted using imaging techniques, suggesting that the nature of similarity and relatedness might be even more complex. Whether false memories differ as a function of such individual differences might be a fruitful avenue for further work and could advance our understanding of the acquisition and malleability of shared and idiosyncratic representations of concepts. Additional work relevant to the present review suggests that the anterior temporal lobe is a central component in the maintenance and processing of conceptual and semantic information and that, interestingly, it is more strongly involved in associative processing than in categorical processing (Díez et al., 2017). Specifically, transcranial direct current stimulation of this region caused a significant decrease in associative false memories while leaving categorical false memories unaffected. Thus, future reviews and empirical work should integrate evidence from multiple protocols.

In sum, we conclude that similarity and relatedness are critical elements in how we encode, store, and retrieve information from memory and that examining errors and distortions provides insight into the functions of memory and of the knowledge base that supports memory performance.
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FOOTNOTES

1Recognition analyses are reported on corrected false recognition, calculated by subtracting false alarms to CIs related to non-studied lists from false alarms to CIs related to studied lists (lists were counterbalanced across conditions). Thus, the analyses correct for differential baseline false alarm rates.
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Prior studies on alexithymia and memory have found a negative association between the two constructs, especially when emotional memories are considered. Moreover, it has been demonstrated that also the executive functioning (EF) of the individuals influences this relationship. Thus, the goal of this study is to verify whether alexithymia can influence the memory accuracy for a violent crime in people with different levels of EF resources in terms of both correct details and memory distortions (i.e., omissions and commissions) reported. We assessed the alexithymia and EF resources of individuals and showed participants a video of a violent crime (i.e., murder). We then asked participants to testify about the content of the video by imagining to be witnesses of the crime. A memory test was run on two moments in time: immediately after the video presentation and after 10 days. Findings demonstrated that alexithymia influences the recall of the event both in proneness to report correct details and memory distortions of the participants (i.e., omissions and commissions). Additionally, we found a contribution of EF resources in this relationship. The findings provide new information for legal professionals on memory functioning.
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INTRODUCTION

Alexithymia has been defined as a personality construct specifically characterized by difficulties in identifying feelings (DIFs), difficulties in describing feelings (DDFs), and externally oriented thinking (EOT) (e.g., Sifneos, 1973; Nemiah, 1977; Bagby et al., 1994a,b; Taylor, 2000; Kooiman et al., 2002; Vermeulen and Luminet, 2009). In the 1960's, alexithymia was conceived as a personality disorder (e.g., Kooiman et al., 2002) due to a strong link to psychosomatic dysfunction, such as anxiety, depression, posttraumatic stress disorder, abuse of alcohol and drugs, and eating disorders (e.g., Zeitlan and Mcnally, 1993; Petterson, 2004; Li et al., 2015; Brady et al., 2016). Some studies have also found that alexithymia might mediate the relationship between maltreatment during childhood and psychopathologies (e.g., Paivio and McCulloch, 2004; Serafini et al., 2017). However, many recent studies have shown that alexithymia generally occurs also in individuals with no declared diseases (e.g., Franz et al., 2008; Donges and Suslow, 2015); thus, it is to be considered as a personality variable rather than a disorder (e.g., Donges and Suslow, 2015). In other words, alexithymia is a personality characteristic that is present in all people to a different degree and involving not only feelings and the ability to describe them, but also the orientation of thinking of individuals (e.g., external, internal; Taylor, 1984; da Silva et al., 2017).

Indeed, studies so far have shown that individuals with a high level of alexithymia have problems in emotional responses both in terms of emotional regulation and cognitive processing (e.g., Lane et al., 1996; Taylor et al., 1997; Swart et al., 2009). Individuals with a high level of alexithymia have difficulty (i) in perceiving, identifying their feelings and emotions and, in turn, describing them to others; and (ii) incorrectly using emotions either to lead their actions and thinking or to learn from emotional experience (e.g., Luminet et al., 2004, 2006). Recent studies have explained that such difficulties may be due to problems in sensory perception processing (e.g., Serafini et al., 2017). Scholars showed that the inability of alexithymics to identify and describe feelings is associated with a lower response to sensory stimulation and inputs (e.g., Grynberg and Pollatos, 2015; Serafini et al., 2016). Moreover, other studies collected further evidence showing that the lower capacity to recognize emotions can be related to a lower ability in attentional processing (e.g., Vermeulen et al., 2006; Borhani et al., 2016; Correro et al., 2019). In particular, these studies have shown a difficulty of high alexithymia people in the early automatic attentional processing that does not permit to correctly employ their attentional resources for emotional and relevant information in the context (e.g., Aftanas et al., 2003; Swart et al., 2009; Mather and Sutherland, 2011; van der Velde et al., 2015; Nielson and Correro, 2017). Furthermore, a plethora of electrophysiological studies have underlined that the deficit in processing emotional information might be caused by an alteration in the activation of the brain regions (i.e., amygdala, dorsal anterior, and middle cingulate cortex) normally employed by the emotional attention system (e.g., Wager et al., 2008; Diekhof et al., 2011; Pollatos and Gramann, 2011; Van der Velde et al., 2013). Collectively, these difficulties seem to affect, in turn, the memory for emotional information in people with high alexithymia level (Jacob and Hautekeete, 1998; Suslow et al., 2003; Luminet et al., 2006; Vermeulen and Luminet, 2009; Meltzer and Nielson, 2010; Vermeulen et al., 2010, 2018; Donges and Suslow, 2015; Dressaire et al., 2015; Correro et al., 2019; Ridout et al., 2020).

Studies investigating the relationship between alexithymia and memory are increasing in the last years (Jacob and Hautekeete, 1998; Lundh et al., 2002; Luminet et al., 2006; Vermeulen and Luminet, 2009; Correro et al., 2019; Ridout et al., 2020) and are particularly relevant in light of the practical implications that can have, for instance, in the legal arena. Indeed, these studies provided further information to understand whether alexithymia can be one of the several factors that lead to memory distortions and thus make the statements of the people unreliable. However, the results of these studies are contrasting. On the one hand, a few studies have demonstrated that alexithymia does not affect the retrieval of information (e.g., Jacob and Hautekeete, 1998; Lundh et al., 2002). On the other hand, a large number of studies have found a negative impact of alexithymia on memory (e.g., Luminet et al., 2006; Vermeulen and Luminet, 2009; Correro et al., 2019; Ridout et al., 2020). For example, a study by Luminet et al. (2006) showed that people with high alexithymia have reduced recall of emotional information. Specifically, the authors tested the alexithymia of the participants by adopting the typical scale employed for assessing the construct, i.e., the Toronto Alexithymia Scale-20 (TAS-20; Bagby et al., 1994a) consisting of three subscales corresponding to the main features of the construct: (i) DIFs, (ii) DDFs, and (iii) EOT. Then, participants watched a list of emotional (i.e., negative and positive) and neutral words with different instructions to process the information (i.e., perceptual or semantic processing). Finally, the memory of the participants was tested with a remember/know task. Results indicated that high alexithymia participants had a worse recall for the emotional words than low alexithymia participants with regard to the processing adopted during the first phase (i.e., perceptual or semantic) of the study and the type of memory measure (i.e., “remember” or “know”).

In the following study, by adopting a similar procedure, Vermeulen and Luminet (2009) replicated the abovementioned findings. However, the authors added that the impairment in the recollection of the positive and negative words depends on specific subscales of the TAS-20. Indeed, they found that the DIF subscale was the most involved in the lower recall of emotional words in highly alexithymic individuals, while both the DIF and the other subscale EOT were related to the detrimental recall of the positive and negative words in terms of “remember” response.

Further evidence has been provided from another study by Vermeulen et al. (2010) showing that the memory impairment for emotional words in highly alexithymic individuals also depends on the congruency of the emotional valence between the context during the encoding and the studied information. The authors found that the subscales DIF and DDF are associated with the effects on memory when there is congruency between the context and information, while DIF and EOT are related to the recall of the studies information when there is no congruency.

Collectively, all the described studies have provided support to the idea that alexithymia negatively affects memory performance. However, all these studies have demonstrated this issue by using verbal stimuli (i.e., lists of words) instead of more complex stimuli (i.e., pictures, videos). Indeed, only a few studies have tried to fill this gap by adopting pictures of emotional faces or scenes of social interaction (e.g., DiStefano and Koven, 2012; Takahashi et al., 2015). Such studies showed that memory undermining in highly alexithymic individuals also occurs for other types of stimuli. DiStefano and Koven (2012) demonstrated that people with a higher level of alexithymia had a worse recall of the social scenes than people with a lower level of alexithymia. Still, Takahashi et al. (2015) found an association between alexithymia and memory for positive faces but not for the negative ones. Based on these contrasting results as compared to the significant association between alexithymia and negative words, two recent studies by Ridout et al. (2020) further investigated the possibility that alexithymia can also affect the correct recall of complex negative information (i.e., faces and video clips). Results revealed that alexithymia also contributes to the recall of negative faces: The higher the DDF score, the lower the correct recall of negative faces. By contrast, evidence from the second study using emotional video clips demonstrated that alexithymia interferes with the recall of the negative video clip information with regard to the other two subscales of DIF and EOT.

Moreover, recent studies have underlined that memory deficits in highly alexithymic individuals are due to reduced cognitive capacities in terms of executive functioning (EF) (Diamond, 2013). Indeed, high alexithymia people have dysfunction in problem-solving, fluency, shifting, inhibition, and self-report (Henry et al., 2006; Wood and Williams, 2007; Onor et al., 2010; Zhang et al., 2012; Santorelli and Ready, 2015). In particular, some studies have shown that the subscales particularly associated with executive dysfunction are the DIF and DDF (Henry et al., 2006; Koven and Thomas, 2010; Santorelli and Ready, 2015), while other evidence supports the idea that the EOT subscale is the most implicated in the effects of alexithymia on EFs (e.g., Correro et al., 2019).

The idea that the influence of alexithymia on memory is moderated by the EFs abilities can also be supported by studies showing that EFs are essential for cognitive tasks and processes, such as memory recall (Carpenter et al., 2000; Miyake et al., 2000; Duff et al., 2005; Carretti et al., 2010; Hill et al., 2012). In the last years, a plethora of studies have demonstrated that EFs are involved in memory accuracy in terms of both correct information and memory distortions (i.e., omission and commission errors) reported during the retrieval (e.g., Gonsalves and Paller, 2002; Jaschinski and Wentura, 2002; Schacter and Slotnick, 2004; Marsh et al., 2005; Gerrie and Garry, 2007; Peters et al., 2007; Zhu et al., 2010; Leding, 2012; Mirandola et al., 2015; Kersten et al., 2018; Battista et al., 2020). Specifically, it has been shown that the abilities of EF of individuals, in terms of working memory as digit span, shifting as reaction times to different mathematical operations, inhibition as the number of correct responses to visual stimuli, and updating as phonemic fluency, impact on the likelihood to report correct details and errors as follows: Low EF people report less correct details and a higher number of omissions and commissions than high EF people. These recurrent findings have been displayed both for simple stimuli (i.e., words) (e.g., Peters et al., 2007) and for complex stimuli (i.e., video) (e.g., Battista et al., 2020) as well as for neutral stimuli (e.g., Gerrie and Garry, 2007) and emotional stimuli (e.g., Mirandola et al., 2015).

Despite the growing number of studies on alexithymia and memory, research on this topic is still quite limited and findings are often in contrast to each other. Moreover, no studies have verified whether alexithymia is also responsible for a higher or lower susceptibility to report memory distortions (i.e., omissions and commissions). With a forensic perspective in mind, studies investigating a possible relationship among EF resources of individuals, alexithymia, and memory for a complex emotional event, such as a crime scene, seem to be particularly necessary. Thus, this study will try to address this lack of evidence by testing whether the recall of a violent crime (i.e., murder) can be influenced by the three scores of alexithymia (i.e., DIF, DDF, and EOT) in a sample of individuals having high or low EF resources. By doing so, in accordance with previous studies on memory and EFs (Kersten et al., 2018; Battista et al., 2020) as well as Correro et al. (2019) on EF, memory, and alexithymia, we followed a comprehensive approach to measure the EF availability of individuals. In particular, based on studies showing that the three functions of Updating, Shifting, and Inhibition work together while performing cognitive tasks (e.g., recall) (e.g., Kimberg and Farah, 1993; Duncan Roger Johnson Michaela Swales Charles Freer, 1997; Dempster and Corkill, 1999; Miyake et al., 2000), we collapsed in an aggregate measure the individuals' EFs measures of the three EFs. Specifically, Updating refers to the capacity (i) to monitor and code the incoming and relevant information for the execution of a task and (ii) to change the old and irrelevant information into newer and more relevant information (Morris and Jones, 1990; Lehto, 1996). Shifting is the ability to switch among different tasks, operations, or mental sets (Monsell, 1996). Inhibition refers to the capacity to intentionally suppress dominant and automatic responses when necessary (Miyake et al., 2000). Note that the three EFs (i.e., Updating, Shifting, and Inhibition) were chosen also in accordance with recent studies underlining that they are the most implicated in superior cognitive performance, in particular, memory recall (e.g., Espy, 2004; Burgess and Simons, 2005; Diamond, 2013; Kersten et al., 2018; Battista et al., 2020, 2021).



THE PRESENT STUDY


Aims and Hypotheses

The current study aimed to verify whether the degree of alexithymia of individuals can influence memory accuracy for a crime experience. More specifically, this study is intended to verify whether the likelihood to recall correct details, memory distortions (i.e., omissions and commissions) for an emotional event is related to the ability to discriminate and describe feelings and the tendency to have EOT. We tested this issue by focusing on memory recall immediately after a target experience and after 10 days. Based on previous evidence showing that alexithymia is related to EF (e.g., Correro et al., 2019) and on studies demonstrating the positive association between EFs and memory (e.g., Peters et al., 2007; Zhu et al., 2010; Leding, 2012; Mirandola et al., 2015; Kersten et al., 2018; Battista et al., 2020), we preliminary assessed the degree of EF resources of participants (i.e., low vs. high) and collapsed the indices of the three EFs of Updating, Shifting, and Inhibition into an aggregate measure. Then, participants filled in some questionnaires measuring their affective state and degree of alexithymia. Immediately after, they watched a mock crime video and answered some questions about it. Ten days later, in a second session, the memory of the participants was assessed for the second occasion. Immediately after, EF resources of the participants were evaluated through three neuropsychological tasks.

In line with previous studies (e.g., Correro et al., 2019), we expected that higher alexithymia scores would be predictive of a lower memory recall, in terms of the amount of correct details (Hypothesis 1). Moreover, in accordance with studies showing that the likelihood to report correct details goes hand in hand with the likelihood to report memory distortions (e.g., Battista et al., 2020), higher alexithymia scores would also be predictive of higher memory distortions (i.e., omissions and commissions) (Hypothesis 2). Finally, based on studies showing that EF influences the effects of alexithymia on memory (e.g., Henry et al., 2006; Koven and Thomas, 2010; Santorelli and Ready, 2015; Correro et al., 2019), we further expected that the negative relationship between alexithymia and memory would be moderated by EF scores of individuals. That is, such a relationship would be stronger in individuals with lower EF resources than in those with higher EF resources (Hypothesis 3).




METHOD


Participants and Design

Using G*power (Faul et al., 2007), on a priori power analysis for regression analysis with a power of 0.80, a medium effect size (f = 0.15), and four predictors (i.e., TAS-DIF, TAS-DDF, TAS-EOT, and EF) indicated that a sample of 85 participants was required. A sample of 110 undergraduate students (women = 86.4%, Mage = 21.47, SD = 3.11) was thus recruited at the Department of Education, Psychology, Communication of the University of Bari “Aldo Moro.” No specific inclusion and exclusion criteria have been adopted. To achieve the main goal, we created aggregate scores of EF resources (as shown in the section on Results). Therefore, the study was a correlational study with the three scores of alexithymia (i.e., TAS-DIF, TAS-DDF, and TAS-EOT) and EF resources of individuals as predicted variables. The predicted variables were memory scores in terms of correct details and memory distortions (i.e., omissions and commissions scores) in cued recall tests performed after the event (T1) and 10 days later (T2). The ethical committee of the Department of Education, Psychology, Communication of the University of Bari “Aldo Moro” approved the study (No. ET-19-11). Participants did not receive any compensation for taking part in the study and were tested individually in a laboratory. All materials of the study are available on Open Science Framework (OSF): https://osf.io/bwfek/.



Measures and Procedure

This study consisted of two different sessions. In the first session, participants answered some questionnaires, then watched a video, and answered a cued recall task about the video. The second session was performed after 10 days and required participants to perform the same cued recall and three neuropsychological tasks useful to assess their EF resources. Before starting the experiment, each participant filled in an informed consent form.



Session 1

Participants were first invited to complete the TAS-20 (Bagby et al., 1994a,b) and the Positive and Negative Affect Schedule-State (PANAS-S; Watson et al., 1988; Terraciano et al., 2003). Thus, participants watched the crime video and finally filled in again the PANAS-S questionnaire to check whether the video emotionally impacted upon them.

Toronto Alexithymia Scale-20 (Bagby et al., 1994a; Bressi et al., 1996). The TAS-20 consists of 20 5-point items (1 = strongly disagree, 5 = strongly agree). The questionnaire evaluates the level of alexithymia of the participant through three scales: DIF, DDF, and EOT. Specifically, the DIF scale (composed of seven items) measures (Cronbach's α in the present study = 0.85) the proneness of an individual to recognize feelings and emotions and to differentiate them from somatic sensations. The DDF scale (Cronbach's α in the present study = 0.79) assesses the ability of an individual to describe feelings to other people through five items. Finally, the EOT scale (Cronbach's α in the present study = 0.72) consists of eight items measuring the degree of external orientation in the thinking of an individual. Following the scoring system (Bagby et al., 1994a; Caretti et al., 2011), the three subscores are calculated by summing up the answers reported by each participant to the corresponding items of the three scales. Before adding up scores, items 4, 5, 10, 18, and 19 were reversed. The higher the scores, the higher the level of the alexithymia feature of the participant. The score reported by the participants at all the 20 items have been calculated (M = 41.3, SD = 11.8, range 22–77). The total score can vary from 20 to 100 with a cutoff of 61. In this sample, only four people reported a total score higher than 61.

The PANAS-S (Watson et al., 1988; Terraciano et al., 2003). The questionnaire assesses the emotional state of participants across two scales: The Positive Affect (PA) and the Negative Affect (NA), composed, in turn, of 10 items. PANAS-S includes 20 5-point items (0 = not at all, 4 = completely). The PA-S (Cronbach's α in the present study = 0.88) and NA-S (Cronbach's α in the present study = 0.89) evaluate the positive and negative affective and emotional state while filling it. The scores of the two dimensions are summed up in accordance with the scoring system (Terraciano et al., 2003). The higher the scores, the higher the affective and emotional state of the participants. Thus, the higher the PA score, the higher the positive emotional state; in addition, the higher the NA score, the higher the negative emotional state of participants.


Mock Crime Video

After the completion of the battery of questionnaires, participants were invited to carefully watch a mock crime video. The video (lasting ~2 min 30 s) has been used in other memory studies (Mangiulli et al., 2019; Battista et al., 2020) and shows a debate between two men. This discussion continues with a fight between the two men and the murder of one by the other. Having seen the video, participants filled the PANAS-S (Watson et al., 1988; Terraciano et al., 2003).



Memory Test Phase (T1)

Participants completed a memory test by imagining to be an eyewitness of the crime and to provide testimony to a police officer. The test was a cued recall task; hence, participants answered 14 open questions (i.e., What was the victim wearing?) based on what they remember having seen during the video and without guessing. The questions asked participants to recall several details of the crime scene in the video (i.e., the weapon of the murder, the wearing of the murderer and victim, etc.) and are reported in Appendix A (Supplementary Material). All the questions were proposed in the same order to all participants. This memory test has been already adopted in prior studies on memory (e.g., Battista et al., 2020).




Session 2
 
Memory Test Phase (T2)

After 10 days, participants came back to the laboratory and answered the same questions of the cued recall performed at Session 1. The questions were proposed in the same order of the cued recall administered at T1 to all participants.




Executive Functioning Assessment

After the memory test, participants completed the three neuropsychological tasks assessing their EF resources. The first two were paper and pencil tasks, while the third one was a computerized task of the Psychology Experiment Building Language 2.0 battery (PEBL 2.0; Mueller and Piper, 2014). At the end of the three tasks, participants were thanked and debriefed.

The phonemic fluency (Novelli et al., 1986). The task measures the ability of Updating (Miyake et al., 2000). The experimenter gives a letter and participants have to refer to as many words as possible in 60 s, beginning with such a letter and excluding names of people and cities. The experiment provides three different letters (C, P, and S). The score of this task is the average number of words produced for each letter. The score is computed by excluding repetitions (i.e., words repeated more times) and intrusions (i.e., words not conforming with the instructions).

Plus-minus task (Jersild, 1927; Spector and Biederman, 1976). This task assesses the capacity of Shifting (Miyake et al., 2000). It is composed of three trials of mathematical operations (i.e., additions and subtractions) on three different sets of random numbers. Specifically, in the first trial, participants have to add the value of three to each number, while in the second trial, they have to subtract three from each number. In the final trial, participants have to alternate among additions and subtractions, that is, participants start with adding three to the first number, continue with subtracting three to the second number, and proceed by switching between the two operations. The experimenter records the time to perform the three trials. The score is calculated by subtracting the average time of the first two trials from the time of the final trial.

Go-NoGo task (Bezdjian et al., 2009). The task measures the ability of Inhibition (Miyake et al., 2000). The task is carried out by using a computer, where participants watch a square divided, in turn, into four squares where the letter P or R appears in a random fashion. Participants are instructed to respond to some stimuli (Go stimuli) and give no response to others (NoGo stimuli) based on the block they are performing. During the first block, the P-Go block, participants have to press the mouse every time the P appears on the screen and not press when the letter R appears. During the second block, the R-Go block, participants have the opposite instructions: Press the mouse when the letter R appears and not press when the letter P appears on the screen. Both blocks are comprised of 160 stimuli and the letters appear on the screen for 500 ms. The score is the commission errors reported at the two blocks.



Cued Recall Scoring

The scoring of both the cued recall tasks (i.e., T1 and T2) was independently performed by the first author and a student assistant, blind to the experimental design. The scoring followed a scoring system employed in a prior study (e.g., Battista et al., 2020). Thus, the three scores of correct details, omissions, and commissions were computed as follows. With regard to the correct details score, one point was assigned for each completely correct answer (e.g., “What was the victim wearing?” “He was wearing a black jacket, white skirt, and black shirt”), half a point was assigned for a partially correct answer (e.g., “He was wearing a black jacket”), and zero was given for no answer (e.g., “I do not remember”) or a completely wrong answer (e.g., “He was wearing a green suit”). Regarding the omissions score, one point was given when no answer was provided (e.g., “I do not remember”). Concerning the score of the commission, one point was assigned when new and wrong (i.e., not present in the video) information was reported (e.g., “He was wearing a green suit”) and half a point when a partially distorted answer was provided (e.g., “He was wearing a blue jacket, blue skirt, and black shirt”). The maximum score obtainable for the three indices was 14. In addition, proportions were calculated by dividing the score obtained by each participant by the maximum score obtainable (i.e., 14). The ICC average measure for the number of correct details at T1 and T2 was good: 0.77 and 0.68 (both ps < 0.001), respectively. The ICC average measure of omissions and commissions was also good: 0.79 and 0.78 (both ps < 0.001) for T1 and 0.78 and 0.76 (both ps < 0.001) for T2.



Data Analysis

First, we calculated an aggregate measure of EF for each participant. To order and compare the resources of individuals for the three EFs based on the performance reported at the tasks, we first calculated the rank distributions for each score and then calculated the average of the rank scores. We followed this approach in accordance with previous studies on memory and EFs (e.g., Kersten et al., 2018; Battista et al., 2020). Then, to check the emotional impact of the mock crime video on the affective state of the participants, two paired samples t-tests were run on the scores of the two subscales of PANAS-S (i.e., PA and NA). Finally, to verify the Hypothesis 1, 2, and 3 and after checking the associations among the memory scores, the three TAS scores, and EF score (i.e., Pearson's correlation), a series of general linear model (GLM) analyses were run on the memory scores for correct details (Hypotheses 1), omissions, and commissions (Hypothesis 2) both at T1 and T2. In such analyses, we tested the main effects of the alexithymia scores (i.e., TAS-DIS, TAS-DDF, and TAS-EOT) and the EF score as well as their interaction effects. Moreover, when we found a significance for the interaction effects, we carried out moderation analyses considering the EF score as a moderator (Hypothesis 3). All the analyses have been computed by using Jamovi 1.1.8 (Love et al., 2021) that adopts the Preacher and Hayes approach (Preacher and Hayes, 2004).




RESULTS


Analyses on the Aggregate Measure of EF

We created the aggregate measure of EF as follows. First, we checked the rank distributions for each neuropsychological task (i.e., Phonemic Fluency, Plus-Minus Task, and Go/NoGo). Then, we calculated the aggregate score for each participant by averaging the rank score across the three tasks (Table 1).


Table 1. Table shows the mean reported by participants at the three EF (i.e., Shifting, Inhibition, and Updating) tasks and the aggregate score of EFs.
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Impact of the Crime Video

In order to assess the emotional impact of the mock crime on participants, a paired samples t-test with mock crime (pre vs. post) as a within-factor was run on PA-S and NA-S scores. The analysis showed a statistically significant difference on PA-S, t(109) = 3.62, p < 0.001, d = 0.35. In particular, the positive state was significantly lower after the video than before it, Mpre−mock crime = 25.69, 95% CI [24.39, 26.99] vs. Mpost−mock crime = 23.58, 95% CI [22.15, 25.02]. By contrast, no statistically significant difference was found on NA-S, t(109) = −0.59, p = 0.56, d = −0.06. Although no statistical significance was reached, the negative state appeared to increase after the video presentation (Mpre−mock crime = 6.48, 95% CI [5.00, 7.97] vs. Mpost−mock crime = 6.77, 95% CI [5.35, 8.19]).

Moreover, with the aim to verify whether the affective (i.e., positive and negative) states of participants were related to their alexithymia level, Pearson's correlations were carried out among the PA-S and NA-S scores (pre- and post-mock crime) and the three TAS scores (i.e., TAS-DIF, TAS-DDF, and TAS-EOT). We found that TAS-DIF was positively associated with NA-S scores, both pre- and post-mock crime, r = 0.44, p < 0.001 and r = 0.36, p < 0.001, respectively. Moreover, TAS-DDF negatively correlated with PA-S scores, both pre- and post-mock crime, r = −0.24, p = 0.01 and r = 0.20, p = 0.04, respectively, as well as positively correlated with NA-S scores, both pre- and post-mock crime, r = 0.38, p < 0.001 and r = 0.27, p = 0.004, respectively. Finally, TAS-EOT was only negatively associated with the PA-S score pre-mock crime, r = −0.25, p = 0.008. No other statistically significant correlations were found (p > 0.05).



Executive Functioning and Alexithymia

To verify whether the EF resources of individuals are related to alexithymia, Pearson's correlations were run between the three TAS-20 scores (i.e., TAS-DIF, TAS-DDF, and TAS-EOT) and the EF score. Only TAS-DIF correlated significantly with EF, r = 0.27, p = 0.005. By contrast, no statistically significant correlation was found between TAS-DDT and TAS-EOT with EF, r = 0.17, p = 0.07. and r = 0.05, p = 0.64, respectively.



Cued Recall Scores1

Pearson's correlations were run among the three TAS-20 scores (i.e., TAS-DIF, TAS-DDF, and TAS-EOT), the EF score, and memory scores (i.e., correct details, omissions, and commissions at T1 and T2). All the correlation indices are shown in Table 2. Regarding alexithymia, only TAS-EOT correlated significantly with omissions score at T2, r = −0.32, p < 0.001. No other statistically significant correlation was found between alexithymia and memory scores (i.e., correct details, omissions, and commissions at T1 and T2) (p > 0.05). Moreover, the EF score was statistically significant correlated with correct details, omissions, and commissions scores at T1, r = 0.55, p = 0.05, r = −0.30, p = 0.002, and r = −0.28, p = 0.004, respectively.


Table 2. Table shows Pearson's correlation scores among TAS scores, the EF score and memory scores (i.e., correct details, omissions, and commissions) both at T1 and T2.
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A set of GLM with the three TAS scores (i.e., TAS-DIF, TAS-DDF, and TAS-EOT) and EF scores as predictors was carried out on the cued recall scores of correct details, omissions, and commissions both at T1 and at T2 (i.e., predicted variables). All the direct and the interaction effects are reported in Table 3.


Table 3. Table shows the direct and interaction of effects tested in our General Linear Models on the memory scores.
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Correct Details

With regard to the correct details score, none of the TAS scores predicted the likelihood to report correct details at T1 as well as no interaction effects among the three TAS scores and EF was significant (p > 0.05). Overall, the model fit indices indicated an acceptable fit of the model (Burnham and Anderson, 2002), R2 = 0.05, RMSE = 0.067, F(2, 102) = 0.83, p = 0.56, η2 = 0.05.

Regarding the correct details score at T2, all the main effects of TAS scores were not statistically significant. However, the interaction effect of EOT with EF reached the significance level, β = −0.47, t = −2.11, p = 0.04. Simple slopes analyses (i.e., moderation analyses) showed that, as long as the EF aggregate score decreases, EOT scores are negatively associated with the proportion of correct details reported at T2, β = −0.004, t = −1.65, p = 0.04. No other interaction effects were statistically significant (p > 0.05). The model fit indices were R2 = 0.07, RMSE = 0.076, F(2, 102) = 1.07, p = 0.39, η2 = 0.07, showing that the model had an acceptable fit (Burnham and Anderson, 2002).



Omissions

Concerning the omissions score at T1, none of the three TAS scores were found associated with the likelihood to report omissions at T1 (p > 0.05). The interaction effects between EF and the three TAS scores were not statistically significant (p > 0.05). The model reached the following fit indices: R2 = 0.08, RMSE = 0.092, F(2, 102) = 1.24, p = 0.29, η2 = 0.08, suggesting that the model did not have a good fit (Burnham and Anderson, 2002).

With regard to the omissions score at T2, the main effect of TAS-EOT was statistically significant, β = −0.39, t = −3.66, p < 0.001. That is, the higher the EOT score, the lower the omissions at T2. In contrast, the direct effects of TAS-DIF and TAS-DDF did not reach statistical significance (p > 0.05). In addition, the interaction effects between EF and the three TAS scores were not statistically significant (p > 0.05). The model fit indices were R2 = 0.13, RMSE = 0.104, F(2, 102) = 2.16, p = 0.04, η2 = 0.13, indicating that the model did not have a good fit (Burnham and Anderson, 2002).



Commissions

Regarding the commissions score at T1, none of the three TAS scores predicted the likelihood to report commissions at T1 as well as the interaction effects (p > 0.05). The model fit indices were acceptable, R2 = 0.07, RMSE = 0.082, F(2, 102) = 1.20, p = 0.31, η2 = 0.08.

Finally, concerning the commissions score at T2, none of the main effects of TAS scores was statistically significant (p > 0.05). The interaction effect EF*EOT was statistically significant, β = −0.57, t = −2.56, p = 0.01. Simple slopes analyses (i.e., moderation analyses) showed that as EF score decreases, a negative relationship between EOT and commissions at T2 becomes significant, β = −0.01, t = −2.46, p = 0.02. The other interaction effects of EF and TAS subscales were not statistically significant (p > 0.05). The model reached good fit indices R2 = 0.09, RMSE = 0.077, F(2, 102) = 1.49, p = 0.18, and η2 = 0.09 (Tables 3, 4).


Table 4. Mean proportions of the memory scores (i.e., correct details, omissions, commissions) reported during the first (T1) and the second (T2) memory test by participants.
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DISCUSSION

The current study aimed to verify the role of alexithymia on memory accuracy for a violent crime. Collectively and in accordance with prior studies (e.g., Vermeulen et al., 2010; Correro et al., 2019; Ridout et al., 2020), we found that a higher alexithymia level (only in terms of EOT score) is associated with lower correct details and higher memory distortions reported by participants during the recall of the event, especially with regard to the EF resources of individuals. That is, the lower the EF, the higher the negative effect of TAS on memory performance. By contrast, we did not find a similar pattern of results for the DIF and DDF scores.


Alexithymia, Correct Details, and EF

To begin with, we demonstrated that the EF resources of individuals are positively associated with the proportion of correct details at T1. The higher the EF resources, the higher the proportion of correct details reported by participants at T1. This is completely in accordance with studies conducted so far showing that having high EF resources facilitates the encoding of an event by resulting in a better retrieval (e.g., Battista et al., 2020). Due to their availability of EF resources, high EF people are more able to shift among the details of an event (i.e., Shifting), suppress interferences and irrelevant information (i.e., Inhibition), and monitor relevant information (i.e., Updating) at the encoding than low EF people. Having a better encoding of original material allows them to better retrieve that material. In contrast with the expectation (Hypothesis 1), the analysis showed no main effect of the three scores of alexithymia (i.e., TAS-DIF, TAS-DDF, and TAS-EOT) on the recollection of correct details at both T1 and T2. This is also in contrast with the results achieved by previous studies (e.g., Vermeulen et al., 2010; DiStefano and Koven, 2012; Takahashi et al., 2015; Correro et al., 2019; Ridout et al., 2020). For example, Ridout et al. (2020) found that at least the ability to identify and interpret feelings and emotions (i.e., DIF) is negatively associated with the correct recall of emotional information for complex stimuli, such as short video clips. The authors stressed the idea that the inability to correctly process emotional information during the encoding results in a worse retrieval of such information. Probably, the lack of evidence can be explained by considering the type of stimuli adopted. Indeed, in this study, we used a video of a mock crime showing the murder following a quarrel between two people. Although the analyses confirmed that the video emotionally affected the emotional states of the participants by decreasing the initial positive state, we did not find an increase in the negative states of the participants after watching the video. Therefore, it can be that we failed to replicate a direct effect of alexithymia scores on memory recall because the video partially impacted the emotional states of the participants. Although there was no main effect of the three alexithymia scores, the results demonstrated that the interaction between EOT (i.e., the characteristic of directing thoughts at external reality and hardly or not at inner experience) and EFs affects the correct recall of the details of the event at T2. Indeed, we found that the negative effect of EOT on the proportion of correct details recalled at T2 increased with a decrease in the availability of EF resources of an individual. Although some scholars have pointed out that EOT is not a proper representative of the characteristic of alexithymia (e.g., Kooiman et al., 2002), the results underline the idea that EOT, because it is the characteristic of alexithymia that impedes people to have internal monitoring (e.g., Correro et al., 2019), does not allow the use of internal cognitive control that promotes memory processes (Dressaire et al., 2015). Moreover, in line with the Hypothesis 3 for which we expected that alexithymia would have affected the recall by interacting with the availability of EF resources of an individual, we found that the negative association between having an externally oriented style of thinking and the amount of correct details reported is moderated by the availability of EF resources of an individual. These findings are in accordance with previous findings (e.g., Henry et al., 2006; Correro et al., 2019) for two reasons. First, we confirm that EOT seems to be the main characteristic of alexithymia that influences memory performance instead of the abilities to identify and describe feelings and emotions (i.e., DIF and DDF). Indeed, in a recent study and across three experiments, Correro et al. (2019) have shown that the negative effects of alexithymia on the encoding and, in turn, on the retrieval of information can depend on EOT. Second, we provided further support to the idea that such a negative influence of alexithymia on memory is strictly linked to the EFs of the individuals (e.g., Henry et al., 2006; Correro et al., 2019; Ridout et al., 2020). Alexithymia does not directly affect memory performance but only when interacts with the EF resources of individuals. This is also in line with studies showing that alexithymia is associated with executive dysfunction (e.g., Henry et al., 2006; Correro et al., 2019; Ridout et al., 2020). As a matter of fact, in the screening analyses, we also found that a higher amount of alexithymia is associated with lower EF resources. We found this negative association with regard to the DIF score rather than the EOT score. Note that although we found a statistically significant interaction effect between EF and EOT on correct details score, the findings of the screening analysis are fully concordant with prior studies underlying the negative association between EF and alexithymia (i.e., DIF) (e.g., Henry et al., 2006; Correro et al., 2019).



Alexithymia, Memory Distortions, and EF

The findings on memory distortions (i.e., omissions and commissions) stressed an interesting pattern of results. We first found that the likeliness to report omissions (i.e., details encoded but not recalled) at T1 is negatively associated with the EF score. Thus, the lower the EF score, the higher the omissions at T1. This finding confirmed previous research showing that low EF individuals are more prone to report memory distortions than high EF individuals (e.g., Battista et al., 2020). However, we did not find a similar pattern of results with regard to the omissions reported at T2. This seems to suggest that EF abilities influence the proneness to report this kind of distortions only immediately after the event. A possible explanation could be that the differences in cognition of people, that typically inform on the formation of memory distortions, are downsized by the delay in the recollection, and this leads to similar memory performance. In addition, the data showed that the likelihood to report this type of distortion is related to the main effect of the EOT score. Indeed, we also found a significant direct effect of EOT on omissions scores at T2: The higher EOT, the lower the omissions regardless of the EF availability of the individuals. This evidence is in contrast with Hypothesis 2: We found an effect of alexithymia score (i.e., EOT) but in a contrasting direction. The results suggest that a higher tendency to EOT leads to report fewer omissions at T2. That is, participants with a high level of EOT are able to recall more event-related details than participants with a low level of EOT. However, so far, scholars have argued that EOT interferes with the encoding of information by resulting in a lower recall of information (e.g., Correro et al., 2019). This makes it reasonable to believe that this inability to correctly encode information would lead to reporting lower information during the retrieval. However, the finding seems to provide two important insights: (i) The influence of the EOT level of individuals depend on when people recall the event-related information and (ii) people with high EOT level report more information (i.e., fewer omissions) during a late recall than people with low EOT level. A possible explanation can be that EOT negatively impacts the encoding and, in turn, the retrieval in terms of the correctness (i.e., true vs. distorted or false) of the information reported rather than in the amount of information recalled. The findings seem to support the idea that having EOT does not lead to forgetting of the experienced information (e.g., Vermeulen and Luminet, 2009; Ridout et al., 2020).

The pattern of results concerning the commission score can be explained as follows. We found that EF resources are also associated with the amount of commissions (i.e., details distorted or false with respect to the details encoded) at T1. Again, we demonstrated that the lower the EF score, the higher the commissions reported at T1. This is in accordance with prior studies demonstrating that a high amount of distorted information or information never encoded is due to lower EF resources (i.e., Mirandola et al., 2015; Battista et al., 2020). In addition, this result perfectly fits with the data of the current study on the correct details and with prior evidence showing that the likelihood to report more commissions goes hand in hand with the likelihood to report lower correct details (e.g., Battista et al., 2020). Contrary to our expectations, no statistically significant main effect of alexithymia (i.e., TAS-DIF, TAS-DDF, and TAS-EOT) was found for the commissions reported at both T1 and T2. However, we showed that EOT score significantly interacted with EF resources on the score of the commission at T2. Specifically, we demonstrated that the EF resources of individuals moderate the effect of EOT on commissions recalled at T2: As EF decreases, the negative association between EOT and commissions becomes statistically significant. Again, this is in line with the findings on the correct details score at T2 and Hypothesis 3. Combining the explanations provided by the line of research on EF and memory distortions (e.g., Gerrie and Garry, 2007; Peters et al., 2007; Unsworth and Brewer, 2010; Leding, 2012; Battista et al., 2020) and the second line on alexithymia and memory (e.g., Correro et al., 2019; Ridout et al., 2020), we can explain this latter finding as follows. In general, having lower EF resources makes people more susceptible to encode interferences and less focused on the relevant event-related information during the encoding. This, in turn, makes it difficult to distinguish the original information from the one imagined during the retrieval resulting in more commissions than high EF individuals (e.g., Roediger and McDermott, 1995). Moreover, scholars have been argued that a higher external-oriented style of thinking (i.e., EOT) does not permit to employ the necessary cognitive resources to correctly encode incoming information (e.g., Correro et al., 2019). Hence, the EF resources of individuals further affect the normal bad encoding of participants with high EOT by making people more likely to report commissions.



Limitations

Although the study has the merit to provide new evidence on unexplored questions, such as the role of alexithymia on the formation of memory distortions, some limitations need to be considered. For instance, the study was correlational and, thus, although we have provided information on the relationship between alexithymia and memory, we were not able to provide a cause-and-effect direction between the variables of interest. Furthermore, the composition of the sample could have underestimated the results. Indeed, we tested students with a small range of age and, thus, similar EF. The findings could be not representative of what occurs in the normal population. Moreover, related to this first limitation, it could be the case that the investigation of the relationship between alexithymia and EF might be different in a sample composed of people categorized as alexithymic (i.e., individuals reporting a level of alexithymia higher than the cutoff). Another limitation is due to the emotional stimulus adopted. We indeed wanted to test how alexithymia interferes in the recall of an emotional and complex stimulus. We thus administered to participants a video of mock violent crime that showed in previous research an emotional impact on the state of the participants. However, in the present experiment, the video partially impacted the state of the participants. Hence, it is possible that different findings could occur for a stronger emotional stimulus. Moreover, because the primary aim of our study was to replicate a real forensic situation as much as possible, we did not include a non-emotional stimulus. Nevertheless, including a control situation (i.e., non-emotional video) could further inform on the relationship between alexithymia and the ability to recall an experience. Further studies are necessary to gap these caveats.




GENERAL CONCLUSION AND PRACTICAL IMPLICATIONS

In conclusion, the present experiment provided further information on the relationship between alexithymia, EF, and memory. A high degree of alexithymia (i.e., EOT score) leads to negative mnemonic effects with regard to both correct details and memory distortions, and this depends also on the availability of EF of an individual. Our findings are particularly helpful for legal professionals that deal with the memory-related statements of individuals in legal proceedings. Collectively, the results suggest that alexithymia can contribute to the formation of memory distortions; hence, it is an important factor to take into consideration for the assessment of the reliability of witnesses, suspects, and the statements of victims. Legal professionals have to keep in mind that participants with a high level of alexithymia or people with a diagnosis of alexithymia might unintentionally provide unreliable information. This is particularly relevant within the legal arena as statements represent one of the main sources for legal practitioners (e.g., judges) to correctly perform their job and that can lead to accurate or wrong legal decisions (e.g., conviction, absolution). In addition, on a more general note, the findings of the current study can be relevant also for clinical psychologists that work with alexithymic patients. Indeed, such findings can inform them of the (un)ability of patients to correctly retrieve emotional experiences useful to structure a clinical intervention.
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FOOTNOTES

1We also run exploratory analyses considering the three measures of EFs separately. The analyses showed a statistically significant interaction effect of Shifting*DIF on the amount of correct details and commissions reported at T2. In addition, also the interaction effect of Shifting*EOT on the amount of commissions reported at T2 was statistically significant. Specifically, the results demonstrated that as long as the Shifting score decreases, DIF is positively associated with correct details score and negatively associated with the amount of commissions at T2. Similarly, as long as the Shifting score decreases, EOT is negatively associated with the amount of commissions at T2. These analyses can be found on: https://osf.io/bwfek/.
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This study aimed to determine whether the observed tendency to remember more positive than negative past events (positivity phenomena) also appears when recalling hypothetical events about the future. In this study, young, middle-aged, and older adults were presented with 28 statements about the future associated with the COVID-19 pandemic, half positive and half negative. In addition, half of these statements were endowed with personal implications while the other half had a more social connotations. Participants rated their agreement/disagreement with each statement and, after a distraction task, they recalled as many statements as possible. There was no difference in the agreement ratings between the three age groups, but the participants agreed with positive statements more than with negative ones and they identified more with statements of social content than of personal content. The younger and older individuals recalled more statements than the middle-aged people. More importantly, older participants recalled more positive than negative statements (positivity effect), and showed a greater tendency to turn negative statements into more positive or neutral ones (positivity bias). These findings showed that the positivity effect occurs in even such complex and situations as the present pandemic, especially in older adults. The results are discussed by reference to the notion of commission errors and false memories resulting from the activation of cognitive biases.
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INTRODUCTION

The main research aim of this study is to analyze recall accuracy and transformations in different age groups when recalling hypothetical positive and negative future events linked to the COVID-19 global pandemic. The study was carried out in a state of alarm due to the health crisis of COVID-19, when all the inhabitants of Spain were in lockdown. Being confined at home involves a significant change of routines, especially those linked to work, studies, and leisure (Benke et al., 2020; Vindegaard and Benros, 2020). It implies a loss of freedom and separation of friends and family. The Spanish culture is highly focused on family life and leisure with friends in open spaces, and confinement represents a novel situation that requires an important adaptation process (for a review on the impact of COVID-19 in Spain, see Balluerka et al., 2020; Odriozola-González et al., 2020a,b; Rodríguez-Rey et al., 2020). At the same time, the actual context offers an opportunity to analyze the cognitive processes involved in this emotionally exceptional situation.

Recent studies show that the pandemic is causing feelings of isolation and economic uncertainty in the general population, which are generating higher levels of anxiety and depression and a reduction in the feeling of well-being compared to pre-health-crisis states (Carstensen et al., 2020; Killgore et al., 2020; Odriozola-González et al., 2020b; Vindegaard and Benros, 2020). The numbers are shocking. Results obtained from surveys in China, Spain, Italy, Iran, Turkey, Nepal, and Denmark (Xiong et al., 2020) show that the situation has altered people’s lives, affecting multiple dimensions and generating dramatic increases in stress (8.1–81.9%), anxiety (6.33–50.9%), or depression (14.6–48.3%). The number of suicides associated with joblessness and hopelessness due to an uncertain future in the adult population has increased (Griffiths and Mamun, 2020; Thakur and Jain, 2020). The pandemic has also generated great concern in the university population about the well-being of their family and friends, a negative view of the evolution of their training process, and its impact in the future (Araújo et al., 2020; Odriozola-González et al., 2020a; Zhai and Du, 2020).

All of these aspects may be increased in older people because they are an at-risk population, where contagions leading to death are higher than in the younger population. In addition, the media (TV, press) and social networks at that stage of confinement were filled with news of deaths linked to COVID-19 in nursing homes and hospitals of people who were unaccompanied and without family support in their last moments. While there was still a lack of medical resources and medical instruments for patients with severe symptomatology (e.g., mechanical ventilators), the debate arose as to whether older people should receive such treatments when younger people were in the same situation. The context was significantly more unfavorable for the older population, which could lead to worsening mental health (Armitage and Nellums, 2020; García-Portilla et al., 2020) or suffering from anxiety and depression (e.g., Santini et al., 2020). Cognitive theories of depression indicate that thoughts, inferences, interpretations, and how people attend to and recall fear-related information can be relevant factors to increase depression and anxiety (Mathews et al., 1997; Booth and Sharma, 2020). Taking into account that good emotion regulation requires adequate functioning of the working memory and the inhibitory processes that block access to negative information (Gotlib and Joormann, 2010), older people may be especially vulnerable to mental health problems arising from the pandemic.

Although the global COVID-19 pandemic has paralyzed the world, people’s brain activity has not ceased and continues inexorably to recall their experiences and activities before the pandemic, and to imagine and think about the future. The ability to imagine and plan for the future is a crucial mental process in adaptation, which has been studied in different areas of Cognitive Psychology, especially in episodic future thinking, prospective memory, and mind-wandering (for a recent review, see Kvavilashvili and Rummel, 2020). It is well known that not only does memory recall past experiences, it is also the vehicle that allows us to travel mentally through time to the future (Tulving, 1985, 2005). The projection and mental journey into the future to imagine specific events that may occur, is as frequent as remembering experiences from our past (Finnbogadottir and Berntsen, 2013). Also, thinking about the future activates the same brain areas as remembering past experiences (Addis et al., 2007; Botzung et al., 2008), and both types of episodic thinking have similar characteristics, including sensory and spatial information, and emotion and knowledge about the world (D’Argembeau and Van der Linden, 2004; for a review, see Schacter et al., 2007; Szpunar, 2010). However, there are important differences between thinking about the past and imagining the future. Although both situations involve the recreation and enjoyment of pleasant thoughts and the uncomfortable anticipation of fears and concerns, it has been observed that thoughts about future experiences are more positive than past events (Berntsen and Rubin, 2002; Berntsen and Jacobsen, 2008; García-Bajos et al., 2017; Zaragoza Scherman et al., 2020). Interestingly, according to aging literature, older people tend to remember their past more positively (Kennedy et al., 2004; Schryer and Ross, 2014) and to perceive their future as more idyllic and positive compared to young people (e.g., Berntsen and Rubin, 2002; Burr et al., 2020).

The central concept of this research is individuals’ positivity or our preference for positive information as opposed to negative information when performing attention and memory tasks; this preference is enhanced in older adults, a phenomenon known as the positivity effect (Charles et al., 2003; Carstensen and Mikels, 2005; Mather and Carstensen, 2005; Reed and Carstensen, 2012; Schryer and Ross, 2014; García-Bajos et al., 2017). Thus, positivity effect means that, compared to young people, older people react less to negative situations and preferentially attend to and recall emotionally meaningful and positive stimuli (Reed et al., 2014). This positivity effect has been observed with a multitude of materials such as scenes, drawings, and faces (e.g., Charles et al., 2003; Mather and Carstensen, 2005; Reed et al., 2014; Mammarella et al., 2016), words (Kensinger, 2008; Hamilton and Allard, 2020), or autobiographical experiences of the past and recreations of the future (Berntsen and Jacobsen, 2008; Gallo et al., 2011; Cole et al., 2016; García-Bajos et al., 2017). Older people not only show a greater preference for the positive than young people, but they also generate false memories or transform and modify negative content to make it more positive and, thus, achieve greater consistency with their emotional goals and motivations, and higher emotion regulation and well-being (Charles et al., 2003; Carstensen et al., 2020; Zaragoza Scherman et al., 2020). Although the positivity effect is robust and consistent, as shown by the meta-analysis of 100 studies on the subject by Reed et al. (2014), some contrasting results has shown practically no differences between young and older adults (e.g., Kensinger et al., 2002; Grühn et al., 2005). A less-studied aspect is whether middle-aged adults liken their performance to that of young participants or are closer to that of older people (Carstensen and DeLiema, 2018).

Various theories have been proposed to explain the positivity effect. Some theories posit that age-related advantages reflect the avoidance of stressors (Charles, 2010), whereas others maintain that the advantages of age are driven by motivational shifts that direct cognitive and behavioral resources toward positive and meaningful aspects of life (Carstensen et al., 2020). The Socio-emotional Selectivity Theory (SST; Carstensen et al., 1999; Carstensen, 2006) emphasizes an increase with age to the accessibility of positive information. A person’s priorities and motivations change with age. The fragility of life and the reduction of life expectancy lead them to prioritize objectives, ideas, and content that afford them general satisfaction and that are pleasurable and rewarding. Other theories underscore older people’s difficulty to recreate and imagine the future and argue that generating and processing positive future events requires less cognitive effort and less time than negative events (Newby-Clark and Ross, 2003; Schacter et al., 2008; Berntsen and Bohn, 2010), mainly because negative content is more complex to process than positive content (Labouvie-Vief et al., 2010). Finally, it is also proposed that older people focus on emotion regulation by implementing their cognitive control resources, such as activating inhibitory resource to block access to negative information (García-Bajos and Migueles, 2017; Giebl et al., 2016; Marsh et al., 2019). That is, cognitive abilities and motivation contribute to the positivity effect.

This study has three priority objectives. First, to analyze in three age groups possible differences between the recall of hypothetical future negative thoughts related to the threats and repercussions of COVID-19 and positive thoughts for the future, desires, and plans after the pandemic. It could be considered that the current situation leads to focusing on COVID-19-related sources of fear (Mathews et al., 1997; Booth and Sharma, 2020) and that this, in turn, can lead to a state of mood-congruent retrieval, focusing recall on negative content (for a review, see: Blaney, 1986). However, the literature also indicates that to increase the sense of well-being and reduce stress and anxiety, people prefer to codify and remember positive aspects, showing a positivity phenomenon. Thus, we expect that participants in our study will show a tendency to process and remember positive statements better than negative ones; and we anticipate that this trend will be more pronounced in older people than in young adults, that is, a positivity effect. Second, we shall examine the transformations, biases, errors, and false memories that emerge to face adversity in individuals of different age groups, and we expect to see a greater positive bias in older than in young people. This finding was hypothesized because, as with other types of false memories, older people tend to use the cognitive and attentional resources available to them to adjust their thoughts to their previous knowledge (e.g., Schacter et al., 1997), and to regulate their emotional state, in this case, by imagining the events of their own future, adapting it to their desires and personal expectations. Thirdly and lastly, we analyze the effects on recall of the social or personal nature of the thoughts about the hypothetical future. It has been observed that the recreation of the future is more likely to be performed in the third person rather than from a first-person perspective (D’Argembeau and Van der Linden, 2004, 2006). In addition, in the current context of pandemic, social content can be perceived as high-value information or more important than personal content (Hargis and Castel, 2017). Therefore, we expect a better recall of social than of personal imagined future events. However, little is known about the effect of the social or personal perception of future experiences, and whether one’s perspective interacts with the positive or negative valence of thoughts and/or with the age of the individuals who recall those thoughts.

In regard to the emotional regulation, although age-related biological, psychological, and socio-economic factors are not favorable for older people, the literature provides us with abundant data indicating that older people’s emotional experiences are more stable and positive than younger people’s, and they also show a greater sense of well-being (Carstensen et al., 2000; Carstensen, 2006; Stone et al., 2010; Burr et al., 2020). This may be due, at least in part, to the fact that older people have more pronounced mechanisms than young people to adapt to adversity, sources of stress, and emotionally negative events. For example, Carstensen et al. (2020) interviewed people between the age of 18 and 76 in the middle of the COVID-19 pandemic, assessing the frequency and intensity of a range of positive and negative emotions, and the subjectively perceived risk of contagion and complications from the virus. They observed that older people showed relatively greater emotional well-being than young people. In other words, older people appear to have greater resilience and mechanisms to regulate their emotions and deal with adverse situations positively (Fontes and Neri, 2015; Silva Junior et al., 2019). One of these mechanisms is the positivity bias.

Positivity bias in autobiographical memory and episodic future thinking is considered important in mental wellbeing, as a cognitive strategy to reduce stress and depression. When attempting to remember positive and negative thoughts linked to the pandemic, one’s memory works to find a way out of the situation. Memory uses adaptive cognitive processes, which reconstruct reality using preexisting knowledge, beliefs, expectations, and desires, and generate errors and distortions (Schacter, 1999, 2021; Schacter et al., 2011); one of these distortions is the positivity bias, which make one less vulnerable to emotional disorders (such as depression and anxiety), and help improve mood.

To summarize, the main objective of this study is to examine in three age groups (young, middle-aged and older adults) how the situation of pandemic and confinement affects the memory of positive and negative thoughts of the future linked to COVID-19. We are interested in determining if the situation of stress, fear and worry that we are experiencing induces us to remember more content congruent with that depressed mood or if, on the contrary, a positive effect appears and we remember more positive content. This tendency to remember more positive than negative content may be accentuated in older people (positivity effect), and possibly so does the tendency to turn negative statements into more positive or neutral ones (positivity bias), both understood as cognitive strategies to achieve emotional regulation and feelings of well-being; a priority as we get older. Analyzing these aspects and knowing how middle-aged people behave are priority objectives of this study.



MATERIALS AND METHODS


Participants

Participants were 33 young adults (M age = 20.33, SD = 1.93; range: 19–25 years), 23 middle-aged adults (M age = 42.48, SD = 7.29; range: 28–54 years), and 23 older adults (M age = 64.27, SD = 5.81; range 55–77 years). The young participants were students of different degrees at the University of the Basque Country (UPV/EHU), and the older participants came from cultural groups or were undergraduate students at the University of the Basque Country (UPV/EHU) who pursued a humanities career for older people called Experience Classrooms. An a priori power analysis was conducted with G∗Power (Faul et al., 2009) to determine the sample size required to achieve a medium effect size of F = 0.25, with a significance level of α = 0.05, and statistical power of 0.80. A 3 (Group: Young vs. Middle-aged vs. Older) × 2 (Valence: Positive vs. Negative) × 2 (Nature: Personal vs. Social) mixed factorial design with group as a between-participants variable, and the emotional valence and nature of the statements as within-participants variables require a minimum sample of 17 for each age group. In this study, at least 22 participants were included in each age group.



Materials and Procedure

This study was carried out following the American Psychological Association standards for the ethical treatment of participants, the Declaration of Helsinki, and was approved by the Ethics Committee of the University of the Basque Country (UPV/EHU). Participants were first informed that the experiment dealt with the positive and negative nature of thoughts about the future linked to the COVID-19 pandemic. Because the alarm status had been decreed in Spain, and the entire population was confined without the possibility of leaving their homes, this experiment was conducted online through Google forms. The survey was disseminated through the student council, coordinators, and undergraduate delegates, and the university’s website, which opened a space for studies linked to COVID-19. In the form, participants were asked: “In the stage of lockdown and pandemic due to COVID-19, one thinks about the future and imagines positive experiences and facts, but negative fears and experiences also come to mind about what could happen to us in the near or distant future.” They were informed that they would be presented with a total of 32 statements or thoughts about the future and they should rate their level of agreement with each of those thoughts. Of these statements, 28 were experimental, 14 positive and 14 negative, and the other 4 were used to control the primacy and recency effects and were not included in subsequent analyses.

Each participant received positive and negative thoughts randomly (with no more than two positive or negative statements in a row), but they were not instructed that they would subsequently be requested to perform a recall task. The statements were drawn from future estimates from the news, newspapers, and social media’s concerns and aspirations. To select the statements, 21 adults who did not participate in the study evaluated the statements in two dimensions: valence (positive or negative) and nature (personal or social), and we chose those that obtained clearly defined scores (more than 70% agreement)1. Half of the statements were positive (e.g., “I think we will be strengthened by this pandemic”), and the rest were negative (e.g., “I think this virus will mutate and we won’t be able to beat it”). Also, half of the positive and negative ideas were personal (e.g., “This pandemic helps me know myself better”) or had a more social connotation (e.g., “Popular concerts and festivals won’t come back”). After the participants had received the instructions and agreed to participate in the study, a statement and a scale ranging from 1 (totally disagree) to 7 (totally agree) appeared on the screen to rate their level of agreement.

The participants worked at their own pace and after rating all the sentences, a distracting task consisting of writing words that started with S for 3 min appeared. After the distracting task, a free recall task was administered. Participants were encouraged to write as many of the previously presented thoughts about the future as possible, in any order. This free recall task has the additional advantage of revealing participants’ strategies to organize the material. The experimental phase lasted approximately 10–15 min.



Design

The present study employed a 3 (Group: Young vs. Middle-aged vs. Older) × 2 (Valence: Positive vs. Negative) × 2 (Nature: Personal vs. Social) mixed factorial design with group as a between-participants variable, and the emotional valence and nature of the statements as within-participants variables. Correct recall and errors were measured for the positive and negative contents produced by each participant.



RESULTS


Rating Thoughts About the Future

Participants were asked to rate their level of agreement with each of the statements about the near future. The agreement level was higher than the average value of 3.5, both in general and in all the age groups (all ps < 0.001). In order to estimate the internal consistency of the material employed, Cronbach’s Alpha was calculated for the agreement with the positive and negative items in the sample studied. These two values indicate a good level of reliability for both the positive (α = 0.77) and negative (α = 0.73) statements.

In order to analyze the ratings given by the participants, a 3 (Group: Young vs. Middle-aged vs. Older) × 2 (Valence: Positive vs. Negative) × 2 (Nature: Personal vs. Social) ANOVA was conducted. The analyses indicated that the Group factor was non-significant in the ratings, F < 1. That is, there were no differences between young, middle-aged, and older adults in their level of agreement with the statements (see Table 1).


TABLE 1. Mean proportion and standard deviations (in parentheses) in total agreement with the statements depending on their valence (positive, negative) and nature (personal, social), in the different age groups.

[image: Table 1]The Valence variable was significant, F(1, 76) = 65.33, p < 0.001, ηp2 = 0.462, indicating a higher level of general agreement with positive than with negative thoughts (M = 4.58, SD = 0.82, vs. M = 3.61, SD = 0.77). The effects of the variable Nature, F(2, 76) = 26.63, p < 0.001, ηp2 = 0.260, were also significant, as higher agreement was observed for the social statements than for the personal ones (M = 4.23, SD = 0.69, vs. M = 3.96, SD = 0.65). The significant Group × Nature interaction, F(1, 76) = 9.98, p < 0.001, ηp2 = 0.208, showed that the level of agreement was higher for social statements than for personal ones in middle-aged adults, t(22) = 6.21, p < 0.001, and older adults, t(22) = 3.59, p = 0.002, but not in young adults, who rated the dimensions of both statements equally. The Valence x Nature interaction was also significant, F(1, 76) = 50.76, p < 0.001, ηp2 = 0.400, indicating a greater level of agreement with positive statements of a social nature (M = 4.50, SD = 0.93), followed by personal positive statements (M = 4.66, SD = 0.86), negative social statements (M = 3.96, SD = 0.92), and finally, negative statements of a personal nature (M = 3.26, SD = 0.84), with all the differences between them statistically significant, p < 0.05. To some extent, these ratings of the level of agreement show a preference for positive aspects when individuals imagine their future, a consistent result with previous outcomes related to positivity.



Recall of Thoughts About the Future

In the recall task, those participants who recalled two or less correct statements were discarded (this happened with two participants in each age group). The rating criteria to correct free-recall task were strict. To consider a sentence as correct, a literal replication of the original statements was not required, but the preservation of the gist (i.e., the defining content of the sentence) or relevant details were needed, because it is known that memory is of a reconstructive nature (for example, “This coronavirus is a bioweapon created in the laboratory” was considered correct as the recall of the sentence “I believe that the coronavirus is part of a biological war”). Free recall was scored by two judges assigning one point for every correctly recalled sentence. The very few discrepancies were resolved by a third independent judge blind to the experimental conditions.

In order to analyze the thoughts recalled by the participants, a 3 (Group: Young vs. Middle-aged vs. Older) × 2 (Valence: Positive vs. Negative) × 2 (Nature: Personal vs. Social) ANOVA was conducted (see Table 2). The effects of the Group factor were significant, F(2, 76) = 5.50, p = 0.006, ηp2 = 0.013. Although there were no differences between young and old adults, young people remembered a higher proportion of thoughts about the future than middle-aged adults, t(55) = 3.21, p = 0.002, d = 0.43.


TABLE 2. Mean proportion (SD) of correct recall depending on their valence (positive and negative) and nature (personal, social), in the different age groups.

[image: Table 2]The variable Nature was non-significant, F < 1. There were no differences between the recall proportions of personal and social thoughts (M = 0.24, SD = 0.15 vs. M = 0.27, SD = 0.16) in the total sample.

The Valence variable was also non-significant, F(1, 76) = 3.51, p = 0.065, ηp2 = 0.044, revealing no statistically significant differences in the total sample between the recall rates of positive and negative thoughts (M = 0.27, SD = 0.16 vs. M = 0.25, SD = 0.15). However, the effects of the Group × Valence interaction were significant, F(2, 76) = 6.11, p = 0.003, ηp2 = 0.014, indicating that, unlike the other two age groups, older people were influenced by the valence of thoughts, with a greater recall of positive thoughts (M = 0.31, SD = 0.16) than of negative ones (M = 0.20, SD = 0.11), t(22) = 3.50, p = 0.002 (see Figure 1). That is, as predicted by the positivity effect, older people showed a preference for positive content, recalling the same number or more of positive thoughts and the same number or fewer negative thoughts than young and middle-aged adults. In other words, for positive thoughts, middle-aged adults recalled a lower proportion than young adults, t(54) = 2.79, p = 0.007, d = 0.38, and older adults, t(44) = 2.85, p = 0.007, whereas, in the case of negative thoughts, young adults recalled significantly more thoughts than older people, t(54) = 3.13, p = 0.003, d = 0.43, and middle-aged adults, t(54) = 2.83, p = 0.006. There were no more significant interactions between the variables. In addition, correlational analyses between rating and recall of thoughts were conducted but the results were not significant, r (79) = 0.04, p = 0.718.
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FIGURE 1. Recall of positive and negative statements in young, middle-aged, and older adults.


We also examined the clustering of positive and negative statements of the to be remembered material. Clustering refers to the tendency for items to take place next to one another in time. To quantify clustering we applied the Adjusted Ratio of Clustering (ARC; Roenker et al., 1971; Senkova and Otani, 2012), in which chance clustering is set at 0, perfect clustering at 1, and negative scores indicate clustering below chance. We calculated this measure for both, the material administered in the encoding phase, and the final free recall performance. The ARC value was negative (–0.62) for the positive and negative statements presented to the participants, showing that statements were interleaved during the encoding phase. For the recall performance, ARC value in the total sample was also negative (–0.14), without statistically significant differences between young (–0.12), middle.age (–0.10) and older adults (–0.25), F(2, 65) = 0.60, p < 0.55, ηp2 = 0.014. Therefore, the participants in the 3 age-groups interleaved positive and negative thoughts in the final recall task much the same way as they were clustered within the material presented in the encoding phase. In addition, clustering of the positive or negative statements in final recall cannot explain the positivity bias, because the ARC scores were below zero for positive and negative statements. We also analyzed the number of repetitions of the positive and negative statements in the total sample in the final recall task. The only interesting result was that young participants (M = 1.48, SD = 1.4) were more likely to repeat negative statements than older adults (M = 0.89, SD = 0.89), although this was only a tendency, t(46) = 1.77, p = 0.084). The correlations between ARC and number of repetitions (both positive and negative statements) were not statistically significant.



Transformations and Biases

When recalling thoughts about the future, the participants sometimes modified their positive or negative valence. Analyzing these changes of valence or transformations allowed us to examine the memory biases during the personal elaboration and recovery of the previously presented material. Four types of transformations were classified: (1) initially negative statements transformed into neutral (2) or positive statements, (3) originally positive statements modified to neutral (4) or negative statements.

In order to analyze the transformations made by the participants, a 3 (Group: Young vs. Middle-aged vs. Older) × 2 (Nature: Personal vs. Social) ANOVA was conducted. The first two types of transformations (see Table 3) were considered a consequence of the positivity bias, because the participant positivized the statements by removing the negative connotation (e.g., I talk a lot about this subject, I am obsessed and I do not cease looking for information → I have tried to obtain information about it. This will lead to a negative change at the social and political level → There will be political-social change), or by transforming the idea into something positive (e.g., Mass concerts will not come back, nor will parties nor the great stadiums → I think partying is something that will soon come back. I think that the coronavirus is part of a biological warfare → I don’t think the virus is an invention).


TABLE 3. Mean proportion (SD) of valence changes from initially negative to neutral or positive statements, for personal and social claims in young, middle-aged, and older adults.

[image: Table 3]In transformations from negative to neutral, the Group factor was significant, F(1, 76) = 6.38, p = 0.003; ηp2 = 0.144. Without any differences between them, both older adults (M = 0.15, SD = 0.24) and middle-aged adults (M = 0.07, SD = 0.17) had a greater tendency to positivize initially negative phrases than did young adults, who did not produce any examples. The Nature variable also had significant effects, F(1, 76) = 4.79, p = 0.032; ηp2 = 0.059, indicating that social statements (M = 0.10, SD = 0.30) were generally more positivized than personal ones (M = 0.03, SD = 0.16). The Group x Nature interaction was non-significant. Only the variable Nature, F(1, 76) = 4.62, p = 0.035; ηp2 = 0.057, was significant in the negative to positive transformations because these changes were observed only for social statements (i.e., no examples of negative-to-positive transformations were observed for statements with a personal connotation). The Group × Nature interaction was non-significant.

The other two types of transformations, that is, initially positive thoughts that were transformed into neutral or negative ones, were very scarce (see Table 4). Participants transformed initially positive to neutral phrases (e.g., I have good prospects for the future → This will influence my future. Although we will need time, we will travel again → The way we travel will change) and they also negativized originally positive thoughts to negative ones (e.g., The crisis is bringing out our best → I don’t think we will be better people after the crisis. This confinement has allowed me to meet my neighbors and have new friends → I think this has not brought me any closer to my family or neighbors.).


TABLE 4. Mean proportion (SD) of changes in valence from initially positive to neutral or negative statements, for personal and social statements in young, middle-aged, and older adults.

[image: Table 4]In the first type of negativizations, there were no significant effects of the variables, whereas in the case of positive statements transformed into negative ones, only the variable nature was significant, F(1, 76) = 3.84, p = 0.054; ηp2 = 0.048, revealing that these changes were observed to a greater extent for social statements than for statements with a personal connotation.



DISCUSSION

The central objective of this study was to examine the recall of positive and negative thoughts about the future linked to the global COVID-19 pandemic, and to examine the biases, errors, and distortions that occur in the recall of emotional information, especially positive biases in young, middle-aged, and older adults. Although the participants knew they were in an experiment on aspects related to COVID-19, they believed that their task was to rate their level of agreement and disagreement with the ideas and thoughts proposed about the future, and did not expect the task of recalling these contents. It is well known that incidental learning leads to worse performance than intentional learning, but it has also been observed that the effects of positivity are accentuated when participants are free to remember and are not subject to restrictions on how to organize their recall (Reed et al., 2014; García-Bajos et al., 2017). For example, positivity is not evident when the instructions request participants to encode the stimulus valence (Kensinger et al., 2002) or to accurately recall all the information (Grühn et al., 2005).

This study was carried out in the midst of the alarm state, when the population had already been confined for more than 2 weeks, and the streets were deserted and people could only go outside to acquire essential products. With the media and social networks full of bad news, the question arises as to how proposed hypothetical future events will be recalled. It is reasonable to think that people’s thoughts and inferences will lead them to focus on the sources of fear implied by COVID-19 (Mathews et al., 1997; Booth and Sharma, 2020) producing a mood-congruent retrieval, that is, focusing recall on events associated with a negative emotional state. There is actually a good deal of evidence for this “mood-congruency” effect for a variety of cognitive processes, including attention and perception, judgment, and various types of recall and recognition procedures (for reviews, see Blaney, 1986; Siemer, 2005; Koster et al., 2010; Sasa, 2013). However, the theory of mood congruence is not met because, even if there was fear of contagion and the unknown consequences of COVID-19 at that particular moment of confinement, there was also expectation, novelty, new activities that were being incorporated into people’s routine and thoughts about the positive aspects that this pandemic could imply (e.g., becoming more humane, more supportive or empathetic, uniting more as a society in the face of adversity. and/or improving awareness of the environment). Our data show a phenomenon of positivity. On the one hand, in the subjective ratings of the contents where the participants, regardless of age, agreed more with the positive than the negative content, and, on the other hand, in the recall task, where, despite the health crisis, they retrieved positive and negative thoughts to the same extent. Both effects may reflect a mood-regulation strategy. Enhancing the idea of positivizing the situation, the participants even biased their recall by transforming content initially presented as negative into more neutral or positive content.

Also in this study, we observed that the positivity phenomenon is enhanced in older people, giving rise to the positivity effect observed in many previous studies (e.g., Carstensen and DeLiema, 2018; Gallo et al., 2011; García-Bajos et al., 2017). Although globally, there are no differences between the recall of positive and negative facts, the interaction between the main variables Group and emotional Valence shows that older people have a greater recall of positive imagined future events and greater resistance to recalling negative facts (Charles et al., 2003), whereas young people present a better performance than the older and middle-aged people in the recall of negative content. At the same time, older and middle-aged adults tend to transform negative statements into neutral ones, eliminating terms that give a negative connotation to the idea or changing the statements to more pleasant possibilities. In other words, older people distance themselves from the negative possibilities and consequences of the future, thinking about it in a more generic, less specific, or more semantic way (Devitt and Schacter, 2020), thus achieving the goal of regulating mood by decreasing negative emotions and increasing positive ones (Rusting and DeHart, 2000). Similar results have been observed for past choices and autobiographical information, where older people show more emotionally gratifying memory distortion than young adults (Mather and Carstensen, 2005). Our data further indicate that this positive bias is also characteristic of middle-aged people, an age group little analyzed in the literature on cognition and memory in general and on the positivity effect in particular.

To what is this positivity effect due? Various theories have been proposed to explain the effect of positivity. Some theories posit that age-related advantages reflect the avoidance of stressors (Charles, 2010) but this is difficult to accept in the current pandemic situation and its effects. Our data are more consistent with the Socio-emotional Selectivity Theory (SST; Carstensen et al., 1999; see also Carstensen and Mikels, 2005; Carstensen et al., 2006; Reed and Carstensen, 2012). The SST is a life-span theory of motivation, which proposes that, because of the realization that the time left to live is growing shorter, older adults are more likely to prioritize their balance and emotional well-being. Priorities change with age, and a preference for the positive emerges. The SST posits that older adults deploy cognitive control mechanisms to suppress negative stimuli and to seek out positive, emotionally rewarding information. Although at the cognitive level, older people generally show deficits in resource availability, they use their resources to enhance emotion regulation, perhaps using their limited resources to block or inhibit negative thoughts and activate positive ones (Giebl et al., 2016; García-Bajos and Migueles, 2017; García-Bajos et al., 2017; Marsh et al., 2019). Although not as accentuated as in older people, the fact that middle-aged participants also show the positivity effect suggests that the effect is not due to a malfunction of the amygdala that reduces neural and affective responses to negative stimuli (Reed and Carstensen, 2012) or to the fact that the processing of negative content is more complex and cognitively more demanding (Labouvie-Vief et al., 2010). The results rather suggest that cognitive abilities and motivation both contribute to the outcomes obtained from improved emotion regulation as people get older (Mather and Carstensen, 2005).

An interesting aspect is the performance of the group of young people, university students concerned about their future training and work. Although the real impact of COVID-19 on students’ education and mental health is still unknown (Araújo et al., 2020; Odriozola-González et al., 2020a; Sahu, 2020), psychological symptoms are common in the university population (Bayram and Bilgel, 2008; Auerbach et al., 2016). A study conducted by Odriozola-González et al. (2020a) analyzed the impact of COVID-19 during the first weeks of confinement in Spanish university students. They applied an online survey to 2530 students and observed that moderate to extremely severe scores of anxiety (21.34%), depression (34.19%), and stress (28.14%), and a total of 50.43% of the respondents presented a moderate to severe impact of the outbreak. In our study, although the young students agreed more with the positive than the negative statements, they showed no positivity effect. In their performance, there were no differences between the recall of positive and negative content, but they recalled significantly more negative content than older and middle-aged adults. In other words, they showed less resilience, which reflected their concern about the potentially negative impact on their academic progress.

Finally, concerning the effects of the social or personal nature of the thoughts about the future, our results have shown that, although young people provided similar ratings for both types of content, older and middle-aged participants rated social thoughts as closer to their way of thinking than personal thoughts, an effect we could call sociability. As for memory, contrary to our expectations of a trend of a greater recall of social than of personal content because it is easier to imagine and recreate the future in third-person than in the first-person (D’Argembeau and Van der Linden, 2004, 2006), there were no differences in recall between the two types of content, which was equivalent in the participants of all age groups. Although young people recruit effective encoding strategies to remember a large amount of information regardless of its nature, older people perceived and categorized the emotional content of a social nature as more relevant. It has been observed that emotional content rated as important reduces the differences between the recall of young and old people (Denburg et al., 2003; Mather, 2004; Spaniol et al., 2008). In general, social statements were more positivized than personal ones, that is, the positivity bias was greater for statements about society as a whole than for statements about particular individuals, and it would be relevant to analyze these aspects concerning recall and false memories in the future.

Although this study has the limitations of having been carried out online, which leads to a reduction of situational control, it has the advantage of immediacy and of being able to rigorously examine the recall of content and thoughts about the future after a pandemic that is changing the world. Future research should examine whether executive functions also influence the accuracy of recalling content about the future. It would also be interesting to analyze individual differences (especially in the older group) in positivity bias because there may be great variability, as with other types of false memories (Gerrie and Garry, 2007; St Jacques et al., 2015; Greene and Murphy, 2020). The investigation of the particularities of cognitive functioning and memory of middle-aged adults is relevant from a cognitive research perspective.

In short, this study increases our understanding not only of the impact of aging on the memory of imagined positive and negative future events and their transformations and modifications but also middle-aged adults’ recall of episodic future events and false memories. The errors, distortions, and transformations observed in this study do not have the numerical scope of the errors observed with the DRM paradigm (Roediger and McDermott, 1995), where a set of associated words (e.g., pin, puncture, pain, syringe) induce the recall of an unpresented word (needle), or the applied impact in the judicial sphere such as the post-event information procedure, where suggested information is introduced in the recall (Loftus, 1991, 2003); however, they show the mind’s ability to spontaneously transform content to make it kinder, more positive, and to help people to adapt to adversity, reduce anxiety and depression, foster resilience, and contribute to feelings of well-being. The positivity bias shows the adaptive value of the memory (e.g., Schacter, 1999, 2021; Schacter et al., 2011), which does not disappear and may even be enhanced in crises, such as the one we are currently experiencing.
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FOOTNOTES

1The participants who valued the sentences were representative of the three age groups and similar to the total sample examined in the study; specifically, they were 6 young adults (M age = 20.33, SD = 1.93), 8 middle-aged (M age = 42.48, SD = 7.29), and 7 old adults (M age = 63.87, SD = 5.99), and 13 women and 8 men.
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Studies on the social contagion of memory show that it is possible to create false memories from the wrong responses from other people without requiring their physical presence. The current study examined age differences between false memories via the modified social contagion paradigm. Twenty older and twenty younger adults were shown six household scenes and were exposed to the erroneous memory reports of an implied confederate who was not physically present. The presentation time of the scenes and the typicality of the contagion items were manipulated. The participants watched each scene individually and then took turns giving their recall responses with the responses belonging to a fictional participant provided by written cards. The results in a final individual recall test indicated a significant contagion effect in both groups of participants. Additionally, an effect of the typicality of the contagion items was observed, such that the more typical items produced more contagion than the less typical items. In relation to true recall, the older adults remembered significantly fewer items from the scenes than the younger ones and obtained a lower score in the word list subtest of the Weschler Memory Scale. Although the older group had an episodic memory deficit, they were not more susceptible to being affected by the wrong responses of other people than younger group.
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INTRODUCTION

The process of remembering occurs, in many cases, in a social context since one of the purposes of the act of remembering is to transmit information to other people. As different studies have shown (Roediger et al., 2001; Harris et al., 2017), during this process the person who shares the memory can transmit wrong information. The phenomenon involved in this situation is called social contagion of memory. Most of the studies on the social contagion of memory have focused on young adults, but there are less studies that examine how age influences the susceptibility to wrong information socially introduced (Meade et al., 2020).

Regarding the formation of false individual memories and aging, it has been consistently observed that older participants are more susceptible to accepting misinformation (see Schacter et al., 1997, who reviewed the source of memory failures in induced false memory procedures often found in memory tasks in older participants). Additionally, Devitt and Schacter (2016) concluded that several neurological changes related to false memories are associated with aging, increasing susceptibility to false memories. Specifically, Roediger and Geraci (2007) found that older adults were more susceptible to being affected by misinformation interference in the eyewitness paradigm from Loftus and Palmer (1974). Roediger and McDaniel (2007) reviewed the results of four additional experimental paradigms: the DRM paradigm (Roediger and McDermott, 1995), the categorized word list (Meade and Roediger, 2006), the misinformation paradigm (Loftus and Palmer, 1974), and the imagination inflation paradigm (Goff and Roediger, 1998), ultimately concluding that older adults are more susceptible to false memories than young adults.

However, differences in social false memory paradigms between younger and older participants are a matter of controversy. Meade and Roediger (2009) used a turn-taking collaborative procedure from the recall list of categorized words, describing that older participants have more possibilities to suffer from false recall than younger participants in the final recall test. However, Henkel and Rajaram (2011) observed no age differences between younger and older adults using a free-flowing procedure for collaborating. Gabbert et al. (2003) employed a video and a suggestive questionnaire to induce false memories in younger and older participants. They found no age differences in false memories, although it was observed that false recall in a posterior individual recall is increased when the possibility of prior discussion with other participants is given. The authors understood it as a result of the memory conformity effect. In a subsequent article, Gabbert et al. (2004) went on in depth about a procedure to determine that, in both younger and older, a social chatting with a same-age confederate is more effective for inducing false memories than a biased written narrative. Interestingly, results shown that older were even less susceptible than younger to commit false recall. The third study that explicitly tested age differences in social contagion of memory was carried out by Davis and Meade (2013), who employed the Roediger et al. (2001) paradigm to test false memories in both older and younger participants. No age differences were found, although an effect of confederate age was observed. In summary, the studies carried out so far indicate that the effect of social memory contagion is similar in younger and older adults.

Meade et al. (2020) suggests that social contagion protocols with physical confederates could minimize source monitoring errors which more likely occur in older than in younger. Expressions, emotions, and distinctiveness of recall of having a physical partner could enhance the distinctiveness of erroneous items recalled by the confederate from items actually presented. If this explanation is correct, then providing the wrong answers in written protocols would lead to reducing the distinctiveness of the source and increasing monitoring errors. Since source monitoring errors occur more frequently in older than in younger, the older adults would commit more false memory than the younger adults.

The effect of social contagion on memory induced by a written protocol, that simulates the responses of other people, has already been investigated in some studies. Roediger et al. (2001) established a procedure to induce false memories through a protocol of social contagion. Later, Meade and Roediger (2002) made a substantial variation in the procedure. In original experiments (Roediger et al., 2001) a second experimenter was used, pretending to be a participant who performed the required tasks alongside the real participant. Instead, Meade and Roediger (2002) replaced the false participant with a written protocol provided by the researcher. The cards presented to the real participant transmitted the same information as the confederate of the previous procedure. In this way, it was explained that responses written on the cards consisted of identical responses given by a subject previously involved in the same task. Thereby, the social component of the experiment was not eliminated. Results of Meade and Roediger (2002) indicated that this modified version of the procedure was just as strong at inducing false memories as the original procedure. Menor and Carnero (2013) confirmed that there were no differences between this non-face-to-face mode of contagion and the face-to-face one, observing similar contagion rates in both conditions from a young adult sample.

The present study aimed to analyze age differences in social contagion of memory by using a virtual confederate. It extends upon previous research of age differences in social contagion of memory, by using, as source of contagion, the virtual paradigm without physical presence of the confederate. The absence of a face, a voice, and other social factors involved in recalling with another person, would decrease source monitoring, which is especially problematic for older participants (Mitchell et al., 2003; Devitt and Schacter, 2016). Two stimulus presentation times (15 and 60 s) were used, and high expectative (objects expected to be in a scene) and low expectative (non-frequent objects about the thematic of the scenes) contagion items were introduced by virtual confederate. In relation to the presentation time of the scenes, it has been found that when the contagion items are introduced by a physical confederate, a shorter presentation time of the scenes increases the false memory in young adults. Thus, Roediger et al. (2001) and Menor and Carnero (2013) found that 15-s rates increased false memory compared to 60-s rates. However, using a written protocol as a source of contagion, Menor and Carnero (2013) did not observe differences between 15 and 60 s. It is possible that the older group was more affected by the shorter presentation time due to their episodic memory deficit, so that older adults would rely more on the responses of the written protocol when they have to remember the scenes.

The results obtained in older adults were compared with those obtained by the group of young adults in Menor and Carnero (2013). Due to a decreased source distinctiveness through the absence of a physical confederate, it was expected to find more social contagion in older than young adults. Additionally, it is expected to find an interaction between the presentation rate and the age group in such a way that the 15-s rate would cause greater social contagion than the 60-s rate in the group of older adults, but not in the young adults group. Lastly, the high-expectation contagion items would cause greater social contagion than the low-expectation items in both groups of participants as observed in other studies (Roediger et al., 2001; Meade and Roediger, 2002).



MATERIALS AND METHODS


Participants

Participants consisted of twenty older adults from municipal social centers for seniors. Seventeen women and three men between the ages of 60 and 88 ([image: image] = 72.37, SD = 8.57) participated, with no specific diagnosed pathology. Older participants scored within the clinically normal range on the MMSE (Folstein et al., 1975; Spanish version: Blesa et al., 2001), [image: image] = 27.25, SD = 1.68. The Geriatric Depression Scale (Yesavage et al., 1982) revealed no signs of depression ([image: image] = 4.93, SD = 3.59). Furthermore, the mean score on the vocabulary subtest of WAIS (Wechsler, 1999) was 40.93, SD = 6.36. Performance in episodic memory was tested using the word list subtest of the Wechsler Memory Scale-III (Wechsler, 2004). The results are shown later in the results section. Older participants’ results were then compared with a sample of younger adults (20 undergraduate students between 21 and 34 years old, thirteen women and seven men) that experienced the same procedure of social contagion through a written protocol (Menor and Carnero, 2013). The young adults had more years of education ([image: image] = 15.1, SD = 0.24) than the older adults ([image: image] = 13.5, SD = 3.6), t(38) = 2.45, p = 0.01, and d = 0.63.



Materials

Six photographs were used to portray six typical scenes of a house: a toolbox, a bathroom, a kitchen, a bedroom, a pantry, and a desk, each containing an average of 21.16 objects. The photographs were composed and made expressly for the investigation and each of the objects that appeared in them were selected with a previous investigation following the same procedure of Roediger et al. (2001). Photographs of these scenes were taken in a real context and with real objects. These same materials were previously used with young adult participants, proving to be able to generate false memories (Menor and Carnero, 2013). Twenty-one people between the ages of 18 and 67 who participated in this pilot study, cited ten objects that could be in those scenes. Objects cited by a minimum of ten people were considered high expectation, while objects cited only by one person were considered low expectation. In each scene, four objects were selected, two with high expectation and another two with low expectation, which would not appear in the photographs and which served as contagion items. To build each of the scenes, the rest of the high and low expectation objects were used.

To carry out the contagion phase, a protocol was developed that replaced the physical subject who functioned as a source of social contagion. This protocol was developed similar to the protocol of Meade and Roediger (2002). Each item of the contagion was written on a white paper card in capital letters, which was presented to the participants at the corresponding time in the recall phase, together with the protocol. The list of items used as contagion for each scene is reflected in Table 1. Two contagion items appeared for each contagion scene. A high expectancy contagion item always appeared in the fourth position of the protocol, and a low expectancy item was given in the sixth position, as Meade and Roediger (2002) did. The experimenter also had a main item and a reserve item available, to be able to present if the subject would mention, previously and spontaneously, the main contagion items (see Table 1).


TABLE 1. Contagion items: The main contagion items for each scene highlighted in bold.

[image: Table 1]


Design and Procedure

The experiment followed a mixed 2 × 2 × 2 × 2 design composed of four variables with two levels each: age (older-younger), scenes exposed to contagion (contagion – no contagion), expectation of the contagion items (high expectation – low expectation), and presentation time of each scene (15–60 s). Exposure to social contagion and expectation of the contagion items were within-subject variables. The time was classified as inter-subject variable, half subjects were randomly assigned to the 15-s condition and others to the 60-s condition. It may be noted that only three of the six scenes watched were exposed to contagion items by protocol. The other three scenes were accompanied by all veridical items through the written protocol, serving as the control condition. The dependent variable was recorded throughout the number of contagion items recalled in the individual free recall test, expressed in proportion over total contagion items exposed. The correct rate of recall in each scene was also measured, over the total items presented in each photograph.

The experiment was carried out in an isolated room. At first, a presentation containing a sequence of the six photographs was viewed on a computer. To half of the participants, the condition of presenting 15 s of each photograph was used. To the other half, the item exposition condition was 60 s. Immediately afterward, the participants were asked to perform a distracting task for 4 min consisting of simple addition and subtraction. Once this was done, the first recall test and key phase for contagion began. It was explained to the participants that these images had already been presented to other individuals, and their recall responses were collected on the cards that the researcher had. Thus, this first test consisted of remembering six items from each scene, but the real participant had to establish a series of turns between their real responses and the card false responses provided by the experimenter. Half of the subjects participating in the 15-s condition were assigned to Group 1 and the other half to Group 2. The same was true for the participants who watched the 60-s presentation. The difference between Groups 1 and 2 was how the contagion-induced scenes were counterbalanced. For Group 1, the scenes that contained the contagion items in the protocol were the toolbox, the kitchen, and the pantry, while for Group 2, the contagion scenes were the bathroom, the bedroom, and the desk. Collaborative recall of the rest of the scenes followed the same procedure, but items written in cards were all items presented in the photographs, without contagion items. The proportion of contagion items that appear by chance in the three no-contagion scenes, served as the control condition. The next phase consisted of an individual recall test, in which the participant had to name all the objects that he was able to remember for each scene and with a time limit of 2 min for each scene. When presenting the scenes, the order for the viewing phase remained the same throughout all the tests.




RESULTS

A mixed ANOVA with mentioned variables was done with status of contagion items and expectation items as within-subject factors, and time of presentation and age group as between-subject factors. To begin with, the counterbalance of contagion and non-contagion scenes was analyzed to rule out any differences depending on the features of the scene. For this, the total number of contagion items remembered by the participants in half of the scenes was compared with the participants who suffered the contagion in the others (Group 1 and Group 2). It is confirmed that the counterbalance did not influence the total contagion based on the scenes, F(1, 38) = 1.09, p = 0.301, and ηp2 = 0.03.

Differences of contagion items remembered in the final individual test, between contagion and non-contagion scenes, indicated that participants remembered objects that did not actually appear in the scenes displayed but were suggested in the written protocol during the joint recall phase. A main effect of the total contagion was found, the mean proportion of false memory was higher in the contagion scenes than in the control scenes (see Figure 1), F(1, 36) = 12.49, p = 0.001, and ηp2 = 0.25. However, the age group factor was not significant, F(1, 36) = 2.20, p = 0.14, and ηp2 = 0.05, nor was its interaction with the contagion item, F(1, 36) = 0.22, p = 0.63, and ηp2 = 0.06. In fact, no other interactions were significant, Fs(1, 36) < 1.02, ps > 0.317, and ηp2 < 0.02. Expectation of the item was also found to be significant, F(1, 36) = 15.28, p < 0.001, and ηp2 = 0.29. Time for presentation was not significant, F(1, 36) = 0.42, p = 0.51, and ηp2 = 0.01.


[image: image]

FIGURE 1. Rate of false items recalled between contagion and control conditions in both older and younger participants. Dark bars show contagion rate whereas light ones depict control performance. Corresponding standard errors are drawn over each bar.


In relation to veridical free-recall performance, the average of correctly recalled items belonging to the control scenes, in which no contagion items were introduced in the collaborative recall phase, was calculated. This was done in order to prevent the false memory from contaminating the veridical memory. An ANOVA was performed with exposition time (15 and 60 s) and age group (younger and older). This analysis revealed a significant main effect of age group, F(1, 36) = 11.98, p = 0.001, and ηp2 = 0.25, whereas older group participants recalled less items ([image: image] = 0.31) from scenes than younger group participants ([image: image] = 0.45). The exposition time of the scene was marginally significant, F(1, 36) = 3.56, p = 0.06, and ηp2 = 0.09, participants recalled more items when scenes were shown for 60 s each ([image: image] = 0.42) than when scenes were shown for 15 s each ([image: image] = 0.34). No interaction effect was observed, F(1, 36) = 0.009, and p = 0.92.

Regarding episodic memory performance, significant differences were found between younger and older participants in three measures of the word list subtest of Wechsler Memory Scale-III: first trial [younger [image: image] = 6.30, older [image: image] = 4.55, t(38) = 2.89, p = 0.006, and d = 0.92], total recall score after four trials [younger [image: image] = 36.35, older [image: image] = 26.55, t(38) = 5.02, p < 0.001, and d = 1.59], and learning slope [younger [image: image] = 5, older [image: image] = 3.75, t(38) = 2.10, p = 0.04, and d = 0.67]. No significant correlations were found between the total recall scores and social contagion scores in both younger (r = –0.23) and older participants (r = 0.30, ps > 0.10).



DISCUSSION

The aim of this study was to verify whether the social memory contagion is greater in a group of older people than in a group of younger people, using a contagion protocol that does not require the physical presence of the confederate. The results showed that there were no significant differences between younger and older adults in the total contagion score. The presentation time for the scenes did not affect the false memory, however, expectation of the items showed a relevant effect, due to high expectation objects generating more contagion than low ones. The older group of participants did not show more expectation influence than the younger sample. Consequently, an effect of social contagion was obtained in both groups of participants, but social contagion was not superior in the older adults group. We had hypothesized more social contagion effect in older than younger participants due to the loss of distinctive clues in the written protocol. However, this did not occur. Therefore, written protocol seems to be as powerful as physical confederate, at least for generating the same level of source distinctiveness. Furthermore, these results extend those obtained by Davis and Meade (2013) who used a similar procedure with a physical confederate. In addition, although the group of older adults had a lower score in episodic memory than the group of younger adults, the magnitude of the effect of social contagion did not significantly correlate with episodic memory in either group.

Thus, it can be stated that the procedure for finding social contagion of memory through a written protocol seems adequate in older population. Therefore, it was enough for older participants to consider that the answers provided came from other participants in the same situation. In this regard, it is interesting to note that when the contagion items were presented in the protocol, the participants frequently claimed to remember those objects that did not appear in the photographs at any time.

The presentation time of the scenes did not significantly affect the social contagion of memory, nor did it interact with the age group. Unlike what was hypothesized, the shorter presentation time of the scenes did not increase the effect of social contagion in either of the groups. This result replicates that obtained by Menor and Carnero (2013), who found that the presentation time increased social contagion only when the contagion items were presented through a physical confederate, but not when it was virtual. It is important to note that the effects of presentation time are not consistent in the literature on false recall. Using other false memory paradigms (i.e., McDermott and Watson, 2001) an inverted U-shape function has been found, and Meade and Roediger (2002, exp. 2) did not found presentation time effects (5 vs 15 s per slide) using a physical confederate. Therefore, more research is needed to clarify the conditions under which the presentation time of scenes affects the paradigm of social contagion.

It is not infrequent to find diversity of results regarding the differences in tasks on false memories and the interference of false information in young and old adults. Roediger and Geraci (2007) explain these differences as the result of the different methodology used and the diversity of samples of older adults. However, as have been observed in Gabbert et al. (2003) following other procedure and Davis and Meade (2013) with the original protocol from Roediger et al. (2001), the results found in the present study supports the absence of age differences in a social contagion paradigm employing for the first time a written confederate protocol. Apparently, the social aspects included in contagion paradigms, even when using written protocols, contribute to neutralizing the enhanced false memories usually found in older people performing individual tasks.

The present study has some limitations that should be noted. The absence of differences between younger and older participants in social contagion could be due to the lack of power of the test to obtain these differences. A power sample analysis showed the need to improve the sample size used in this study to replicate this result, despite its similarity with Meade and Roediger (2002) experiments. Further research should also analyze individual differences among older adults since their cognitive performance is more variable than that of younger adults (Lindenberger and Oertzen, 2006). It is possible that the social memory contagion differs among older people due, for example, to variations in the ability to monitor memories and executive functioning (Colombel et al., 2016).
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Emotional valence and working memory ability (WM) affect false memories’ production in adults. Whereas a number of studies have investigated the role of emotional valence in children’s tendency to produce spontaneous false memories, individual differences in WM have not been previously included. In the current article, we were interested in investigating whether emotion and WM would interact in influencing the propensity to incur inferential false memories for scripted events. Ninety-eight typically developing children (first-, third-, and eighth- graders) were administered the Emotional false memory paradigm – allowing to study false memories for negative, positive, and neutral events – and a WM task. Results showed that regardless of age, valence influenced false memories’ production, such that positive events protected against incurring distortions. Furthermore, WM interacted with valence, such that children with higher WM abilities produced fewer false memories for negative events. Concerning confidence judgments, only the youngest group of children claimed to be overconfident when committing false memories for negative and neutral events. Results are discussed in terms of the role of individual differences in higher cognitive abilities interacting with the emotional content of to-be-remembered events.
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INTRODUCTION

Emotionally laden events typically lead to better memories than mundane events. A deluge of studies proved this memory-enhancing effect in adults (e.g., Kensinger, 2009). Nonetheless, adults are not exempted from memory distortions when retrieving emotional events (e.g., Kensinger and Schacter, 2005; Brainerd et al., 2008b; Gallo et al., 2009; Mirandola et al., 2014b, 2017). Whether children benefit from a similar effect of emotion on memory and what factors may influence the development of false memories for emotional events are still debated. The current study was aimed at investigating the relation between the emotional content of to-be-remembered events and individual differences in higher cognitive processes, such as working memory capabilities, in children’s tendency to falsely remember everyday events.

For neutral material, when false memories stem from elaborating semantically related wordlists [as in the widely used Deese-Roediger-McDermott (DRM) paradigm; Roediger and McDermott, 1995], a developmental reversal emerges in typically developing children: i.e., age-related increases in memory errors. The DRM paradigm consists of the presentation of several wordlists; within each list, words are semantically related to each other (e.g., sick, nurse, and medicine) and to a critical lure not presented at encoding (e.g., doctor). Claiming to remember such critical lures at retrieval represent committing a false memory. Younger children recall or recognize fewer critical lures than older children and adults. This developmental reversal applies also to emotional stimuli (Howe, 2007; Brainerd et al., 2010). Both the associative-monitoring framework (AAT; Howe, 2005, 2008) and the fuzzy-trace theory (FTT; Brainerd et al., 2008a) may explain the developmental reversal. The former predicts that semantically related but non-presented critical lures are activated at encoding more so than do semantically unrelated words, and that this effect is even boosted when the critical lures are emotionally charged; thus, it follows that younger children – whose ability to process semantic relations among words is not fully developed and undergoes important changes due to maturation and education during development – produce false memories to a lesser extent than older peers and adults. The FTT instead predicts a similar developmental increase in false memories since emotionally charged events support gist (i.e., thematic) connections more than neutral events and gist connections are responsible for false memory formation. Thus, it follows that the developing ability to detect gist connections among experienced events leads to increasing production of false memory with increasing age.

A more ecologically valid paradigm, the Emotional False Memory Paradigm (Mirandola et al., 2017) has been recently widely used to test spontaneous false memories for emotionally valenced events in the entire life-span: older adults (Toffalini et al., 2019), adults (Mirandola et al., 2014b, 2017, 2020; Mirandola and Toffalini, 2016), adolescents (Toffalini et al., 2014, 2015) and both typically developing children (Melinder et al., 2017) and children with developmental disorders (Mirandola et al., 2014a; Solomon et al., 2019). This paradigm consists of the presentation of photographs depicting different scripts or episodes at encoding. Each episode may end either in a positive, negative or neutral way. For example, in the dating episode, a boy and a girl are shown while they are getting ready to go out on a date (e.g., getting dressed, combing their hair, text messaging on the cellphone, etc.). The episode may have a positive (the boy and the girl are fiancée, and they kiss each other), negative (the boy is aggressive toward the girl for being late) or neutral (the boy and girl are friends and meet for exchanging a textbook) ending. The causal antecedent – that is the scene depicting what happens in the story right before the episode ending – is not shown during encoding, but it is presented at recognition. Claiming to remember the causal antecedent represents committing an inferential causal error (see Supplementary Figure 1 for the pictorial example of this episode). Another type of error elicited within this paradigm is the gap-filling error, which corresponds to erroneously remembering non-presented but script-consistent pictures (e.g., remembering the girl combing her hair while she was brushing her teeth). The available evidence in typically developing children shows that positive but not negative events protect children – regardless of age – from incurring false memories, especially causal errors (Melinder et al., 2017). The authors suggest that the underdeveloped working memory in children (as young as 6 years in their study) may have played a role. Evidence in adults with the same paradigm (Mirandola et al., 2017) shows that both individual differences in working memory (Exp. 1) and a double task at encoding (Exp. 2) influence false memories for negative events: indeed, individuals with lower WM abilities produce more false memories for negative events, thus discarding the protecting effect of emotion on false memory production. The hypothesized mechanism is that individuals with higher WM are better able to manipulate both useful and irrelevant information, excluding the latter ones when unnecessary for the ongoing task. Given that negative information is more difficult to be inhibited than positive information (Osaka et al., 2013), it follows that people with reduced WM would struggle to manipulate negative events and thus would be more prone to include negative events in their memory, even if not presented (Mirandola et al., 2017). As far as children are concerned, given that younger children have lower WM abilities than older children and adults, one would expect more false memories for negative events in younger children. Melinder et al. (2017) found that regardless of age only positive events protected against false memories and that negative false memories were produced to a similar extent than neutral ones. However, they could only speculate on the possible role of WM given that it was not tested in their sample of children. The current study was aimed at specifically testing the influence of WM abilities on the production of emotional false memories in children. To this end, we administered the Emotional False Memory Paradigm and the Letter-number sequencing WM subtest of the Wechsler Intelligence Scale for Children to three groups of children in order to detect possible developmental changes: 1st graders, 3rd graders, and 8th graders. We could hypothesize that younger children – due to lower WM ability – would produce more false memories for negative events compared to older children. Alternatively, we could hypothesize that regardless of age, WM would interact with emotional valence protecting children from incurring false memories for negative events.



METHODS


Participants

Ninety-eight typically developing children participated to this study. Specifically, 23 first-grade children (Mage = 82.6, SD = 3.4; females = 10), 40 third-grade children (Mage = 105, SD = 4.4; females = 20), and 35 eight-grade children (Mage = 156.6, SD = 6.6; females = 12). We determined the number of participants on the basis of a power analysis using the G∗Power program (Erdfelder et al., 1996), which indicated that a total sample of 87 participants would be needed to detect differences using a repeated measure ANOVA design, with power (1 - β) set at 0.90, alpha at 0.05, and with an estimated ηp2 = 0.04 (based on previous work with the same false memory paradigm and the same repeated measure design; Mirandola et al., 2017). Inclusion criteria were: Italian as either first language or second language but with advanced knowledge (documented by the teachers) and absence of a diagnosis of learning disorders or other neurodevelopmental disorders (documented by the school records). Due to school restrictions we could not assess participants’ IQ, however, we shall note that the WM task that we employed in this study is included into the Wechsler intelligence scale for children to calculate the total IQ; furthermore, WM ability and IQ are highly correlated (see Giofrè and Cornoldi, 2015). We obtained written informed consent from all children’s parents. The study was approved by the Local Ethical Board of the University of Padua (no. 2232).



Materials and Procedure


Emotional False Memory Paradigm


Encoding

A sequence of color photographs depicting nine episodes was employed. The episodes were the following: going grocery shopping, waking up, going to a bike trip, rock climbing, track competition, homecoming after a long trip, dating, birthday party, playing at the slot machine (see Mirandola et al., 2014b, 2017 for pictorial examples of the episodes). For each episode, 14 photographs depicted actions that typically occur during the event (11 were used as target photographs in the encoding phase and three were used as gap-filling distractors in the recognition phase), and two photographs depicted cause-effect scenes (the effect scene was studied whereas the cause scene was presented only during the recognition test). The emotionality of the effect photographs was balanced across episodes, such that the same cause could have three different outcomes: positive, negative, and neutral. Finally, the stimuli also included 10 photographs that were inconsistent with any of the nine episodes, such as children playing on the beach, shown at the beginning and at the end of the presentation in order to avoid primacy and recency effects on the relevant material. Participants saw the nine episodes in sequence without any interruption between them.

Children were tested individually in a quiet room at their school. They were told that they would see several photographs depicting other children and young people doing different daily activities and that they would have to pay close attention and try to understand what the stories represented. The encoding phase consisted of a series of 126 photographs; each photo was presented for 2 s and was followed by a black screen lasting 2 s. The nine episodes were presented – using Microsoft PowerPoint program —in a fixed order, with target-distractor photographs and valence of the episode-ending varying across participants. The encoding phase was followed by a 15-min retention interval. During this interval, children were administered filler tasks.



Recognition

Children received a surprise memory test. Stimuli for the recognition phase consisted of a series of 45 target and 45 distractor photographs in a randomized order. For each episode, four targets and four distractors were included (one of the four distractor photographs were the causal antecedent whose outcome had been presented during study). Further, 18 photographs inconsistent with any of the episodes were included (nine targets and nine distractors). The memory test consisted of a self-paced recognition task. For each photograph, children had to utter “yes” or “no” whether they could, respectively, remember having seen the photograph during the encoding phase or not. Furthermore, children had to provide confidence judgments for each response given, using the Confidence Rating Board (CRB), proved effective even with children as young as 5 years.



Confidence Rating Board

The Confidence Rating Board (CRB; Ghetti et al., 2002) consists of two photograhps that depict either a child with a confident expression or the same child with a doubtful expression. These photographs are positioned on the opposite sides of a white board. Three dots are drawn between these photographs which represent the three degrees of confidence (very sure, somewhat sure, and not sure at all). Children were instructed to utter how sure they were that they saw/did not see the picture before, using the board as a help; they could only point to the dot near the picture of the child with a confident facial expression when they were very sure (that they saw or that they did not see the photograph), the middle dot, when they were somewhat sure, and the dot near the doubtful facial expression when they were not at all sure. See the photographs used in the CRB in the Supplementary Figure 2.

At the end of the experimental session, participants were also asked to orally describe what the actors of each script were doing and feeling. All children were able to explain in their own words the content of the stories and the feelings of the actors represented.



Working Memory Task

After the Emotional False Memory paradigm, children were administered the WM task (Letter-Number Sequencing, Wisc-IV; Wechsler, 2004). The WM task consists of the presentation of a sequence of digits and letters in “scrambled” order; the child is required to immediately repeat first the digits from the smallest to the biggest, and second the letters in alphabetical order. Sequences of alphanumerical elements increase from two to ten strings. The task is self-paced, such that after the erroneous repetition of two strings within the same sequence, it is interrupted and the corresponding WM span is calculated.



RESULTS


Working Memory

A univariate ANOVA revealed a main effect of Grade (1st vs. 3rd vs. 8th) on the WM span, F(2,95) = 25.53, p < 0.001, ηp2 = 0.35, showing a clear developmental improvement: 8th graders had a significantly higher WM span (M = 18.83, SD = 3.28) than 3rd graders (M = 16.15, SD = 2.25), who in turn had a significantly higher WM span than 1st graders (M = 13.52, SD = 2.82).



False Memories

Within the Emotional False Memory paradigm two types of false memories were calculated, namely causal errors and gap-filling errors. Mean proportions of “yes” responses to causal distractor images represent causal errors, whereas mean proportions of “yes” responses to script-consistent distractor images represent gap-filling errors. Preliminary analysis with gender as the between- participant factor and proportions of either causal errors (p = 0.44) and gap-filling errors (p = 0.25) as the dependent measures, revealed no main effect. Thus, gender was not included as a covariate in the following analyses. A linear model (ANCOVA) was computed with Grade (1st vs. 3rd vs. 8th) as the between-participants factor, Valence (positive vs. negative vs. neutral) as the within-participants factor and WM score (continuous variable treated as a covariate) over the proportion of causal errors as the dependent measure. A main effect of Valence was found, F(2,188) = 3.95, p = 0.02, ηp2 = 0.04, such that regardless of age, causal errors for positive events (M = 0.39, SD = 0.28) were produced to a lesser extent than both negative (M = 0.46, SD = 0.32) and neutral (M = 0.47, SD = 0.28) events. Furthermore, a significant interaction between Valence and WM emerged, F(2,188) = 3.70, p = 0.03, ηp2 = 0.04. As a post hoc analysis for this interaction we calculated single correlations between WM and each of the three levels of valenced causal errors. Only the correlation between WM and negative causal errors was significant (r = −0.25, p = 0.01; positive causal errors: r = −0.07, p = 0.48; neutral causal errors: r = −0.09, p = 0.33) (see Figure 1). The main effect of Grade was not found, F(2,94) = 0.77, p = 0.46, ηp2 = 0.01.
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FIGURE 1. Mean proportions of false memories (i.e., causal errors) as a function of emotional valence (i.e., positive, negative, and neutral) and WM abilities. Shaded gray areas represent 95% CIs.


We then computed a similar analysis with grade, valence, and WM as the predictors and gap-filling errors as the dependent measure. No main effect of Valence [F(2,188) = 0.05, p = 0.95, ηp2 = 0.001] nor interactive effect with Grade [F(4,188) = 0.68, p = 0.60, ηp2 = 0.01] and WM [F(2,188) = 0.08, p = 0.92, ηp2 = 0.001] emerged. We found a main effect of Grade, F(2,94) = 3.14, p = 0.048, ηp2 = 0.06, with the tendency of older children to produce fewer gap-filling errors than 8-year-old children (8th graders: M = 0.20, SD = 0.13; 3rd graders: M = 0.28, SD = 0.16; 1st graders: M = 0.23, SD = 0.12); however, Bonferroni-corrected post hoc comparisons did not reach statistical significance (p = 0.073).



Confidence Judgments Associated With False Memories

When we computed the analysis on the mean confidence judgments associated with causal errors, the main effect of Valence [F(2,186) = 0.65, p = 0.52, ηp2 = 0.007], the main effect of Grade [F(2,93) = 0.59, p = 0.55, ηp2 = 0.01] nor the interactive effect between Valence and WM [F(2,186) = 1.43, p = 0.24, ηp2 = 0.01] did not emerge. Interestingly, the interaction between Valence and Grade was significant, F(4,186) = 2.39, p = 0.05, ηp2 = 0.05; Bonferroni-corrected post hoc comparisons showed that only within first Grade did children claim to be overconfident when committing causal errors for negative (p = 0.001) and neutral events (p = 0.01), compared to positive ones (see Figure 2). A similar analysis conducted on the mean confidence judgments associated with gap-filling errors did not show any main nor interactive effect (all ps > 0.34).
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FIGURE 2. Mean confidence judgments associated with causal errors as a function of emotional valence and grade. Bars represent standard errors.




Accuracy

An analysis of variance with Grade as the between-participant factor, WM as the covariate and the “yes” responses to target photographs (i.e., hit rate) as the dependent measure did not reveal the main effect of Grade [F(2,94) = 0.63, p = 0.53, ηp2 = 0.01] nor WM [F(1,94) = 1.63, p = 0.21, ηp2 = 0.01]. A similar analysis conducted over the mean confidence judgments for the hit rate did not show any significant effect (all Fs < 1).



DISCUSSION

With the current article, we wanted to deepen the understanding of the relation between emotion and WM abilities on the creation of false memories during development. Two hypotheses were put forward: (1) younger children could produce more false memories for negative events, given their reduced WM, compared to older children; and (2) regardless of age, WM could play a stronger influence, with decreasing production of false memories for negative events with increasing WM abilities in all children. We found that individual differences in WM indeed interact with emotion and influence false memory formation to a different extent. Specifically, regardless of age, all children with higher WM abilities produced fewer causal errors for negative events, sustaining the second hypothesis. This finding replicates what previously found in the adult population (Mirandola et al., 2017). Thus, even during development, individual differences in WM are relevant in determining a different tendency to distort memories. Working memory allows to attend to a selection of stimuli while controlling for interfering/irrelevant information (e.g., De Beni et al., 1998; Engle, 2002). We argue that within the current paradigm the negative non-presented events are inferred at encoding, thus becoming interfering information into the newly formed memory trace. People with a lower ability at manipulating the inferred information and later excluding it from memory, incorporate negative false events into their memory and are no longer able to distinguish them from true events. It follows, that people with a lower WM produce a higher amount of false memories for negative events. The current article suggests that this reasoning may be applied to a developmental sample as well. We may hypothesize that the central executive component of Baddeley’s WM model (for a more recent review see Baddeley, 2012) plays an important role; indeed, the central executive has the function to control the processes at hand in ongoing complex tasks (such as the Letter-number sequencing used in the current study which requires children to simultaneously process letters in their alphabetical order and numbers from the smallest to the biggest). Individuals with higher ability in terms of multi-task processing (possible through the central executive) should be better able to distinguish target/experienced events from inferred but not experienced ones while performing an episodic memory task (see also Gómez et al., 2018 for a thorough review of the neurodevelopment of working memory). Furthermore, these findings suggest the need for working memory training in typically developing children with lower WM abilities or in children with disabilities who have hindered WM capacity, in order to investigate the potential benefit on episodic memory, in terms of both accuracy and false recognitions (see Capodieci et al., 2019 for WM training in typically developing children and children with ADHD; Cornoldi et al., 2015 for WM and metacognitive training in typically developing children; and Fraser and Cockcroft, 2020 for WM intervention in special populations of adolescents).

The current work also replicated previous findings, that positive emotional valence per se – but not negative valence – protects children from incurring false memories (Melinder et al., 2017). In particular, the effect of emotional valence pertained to causal errors and not gap-filling errors – as found in previous research with the same paradigm (Mirandola et al., 2014b, 2017; Melinder et al., 2017). This is easily explained by the fact that causal photographs are directly linked to the emotional consequence of the episodes, whereas gap-filling errors are not. We did not find developmental differences in causal errors, again replicating available evidence with the same paradigm in typically developing children (Melinder et al., 2017), nor in the accurate recognition of target photographs (i.e., hit rate). While it was possible to hypothesize increasing accuracy relative to correct recognitions of target photographs we must specify that the current Emotional false memory paradigm is specifically designed to elicit false memories and it does not usually lead to developmental differences in accuracy measures nor other effects of the variables of interest on overall memory accuracy (e.g., Mirandola et al., 2014a, 2017).

Another interesting finding concerns the qualitative nature of memory, that is confidence judgments relative to false memories. Younger children did claim to be very confident after falsely recognizing both negative and neutral events – but not positive ones – suggesting again that emotion does not influence only the quantitative aspects of memory, but also the qualitative ones. Previous evidence with the same Emotional false memory paradigm in atypical development (Mirandola et al., 2014a)–but that investigated subjective remembering through the Remember-know paradigm – showed that children with non-verbal learning disabilities claimed to subjectively remember causal errors to a higher extent than typically developing children, regardless of emotional content. These findings suggest that children with disabilities not only produce more false memories, but when that happens, they also associate a higher subjective feeling of vividness to non-experienced events. In the current study, only younger children associated a higher subjective confidence to their negative and neutral false memories compared to the positive ones, suggesting that non-experienced but inferred negative events may be subjectively more compelling than positive ones in younger children. This is conceptually similar to the higher subjective judgments of recollection-based false memories in children with developmental disabilities (Mirandola et al., 2014a).

Taken together, these results show that when studying emotional memory for everyday events, children are protected against distortions only when facing positive events, but not when facing negative events, which are produced to a similar extent than the neutral non-emotional ones. From an applied forensic perspective, it is worth noting the relevance of this evidence. We may expect that children incorporate more false negative events (such as maltreatment episodes) into their memory traces compared to positive ones. However, working memory abilities play an important protecting role in this mechanism, such that even during development, children who have higher WM abilities may benefit from this, reducing their tendency to incur memory distortions for negative events.
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Human memory can be unreliable, and when reading a sentence with a pragmatic implication, such as “the karate champion hit the cinder block,” people often falsely remember that the karate champion “broke” the cinder block. Yet, research has shown that encoding instructions affect the false memories we form. On the one hand, instructing participants to imagine themselves manipulating the to-be-recalled items increase false memories (imagination inflation effect). But on the other hand, instructions to imagine have reduced false memories in the DRM paradigm (imagination facilitation effect). Here, we explored the effect of imaginal encoding with pragmatic inferences, a way to study false memories for information about everyday actions. Across two experiments, we manipulated imaginal encoding through the instructions given to participants and the after-item filler task (none vs. math operations). In Experiment 1, participants were either assigned to the encoding condition of imagine+no filler; pay attention+math; or memorize+math. In Experiment 2, the encoding instructions (imagine vs. memorize) and the filler task (none vs. math) were compared across four separate conditions. Results from the two experiments showed that imagination instructions lead to better memory, by showing a higher proportion of correct responses and better performance in a memory benefit index. Similarly, a significant reduction of false memories was observed across both experiments, even though a complementary Bayesian analysis only supported this conclusion for Experiment 1. The findings show that imaginal encoding improves memory, suggesting the engagement of a distinctiveness heuristic and source-monitoring process.

Keywords: false memories, pragmatic inferences, imagination, retrieval, memory


INTRODUCTION

Human memory can be untrustworthy. When reading the sentence “the karate champion hit the cinder block” we might very often infer that the cinder block was broken, although this outcome was not explicitly stated in the sentence. The generation of inferences depends on constructive non-intentional processes that often lead to memory errors and distortions (Carpenter and Schacter, 2017). The use of sentences embedded with pragmatic implications, such as the previous example is thus a useful way to induce false memories for everyday actions and to study the reconstructive nature of memory. This article explores the consequences of different encoding instructions in memory retrieval for information on day-to-day actions using the pragmatic inference paradigm. Given the damaging consequences of inaccurate memories, it is of great interest to understand the mechanisms behind memory for pragmatic inferences.

In pragmatic inference sentences, an implication normally occurs when, from the information presented, the reader expects something that was not explicitly stated or not necessarily implied, changing the original meaning of the sentence. In the example above, the sentence pragmatically implies that the cinder block was broken, although this consequence was never made explicit. A strategy to test if a sentence implies a pragmatic inference is whether it can be joined by a “but not” conjunction and result in a consistent sentence. That is, “the karate champion hit the cinder block, but did not break it.” The effectiveness of pragmatic inferences in eliciting false memories is well documented, since it has been repeatedly demonstrated that participants tend to falsely recall pragmatic implications of sentences (Brewer, 1977; Chan and McDermott, 2006; Carneiro et al., 2020). Moreover, they represent a sensitive and robust measure for the study of false memories since they allow for the dissociation between the semantic and episodic memory levels. In other words, what is inferred and remembered from a character in a sentence depends, in part, on what the reader knows about the characteristics of the character (Barclay et al., 1984). In the example, the term “champion” implies qualities of capability and strength, which may lead the reader to infer that he/she was able to break the cinder block when, in fact, he/she might not have. Therefore, although the inference might be semantically consistent with what is presented in the sentence, it was not explicitly stated at the episodic level (Brewer, 1977; Barclay et al., 1984; McKoon and Ratcliff, 1992; Graesser et al., 1994; Raposo and Marques, 2013).

It has been demonstrated that later memory recall for pragmatic inference sentences is sensitive to manipulations in the encoding phase, such as, for example, the repetition of the materials during study (McDermott and Chan, 2006), or whether subjects encode sentences using or not a semantic strategy (Barclay et al., 1984). Thus, despite the robustness of false memories, experimental manipulations in the way items are processed during encoding can modulate retrieval in different false memory paradigms. For example, imagining that an event might have happened can increase confidence that it really happened. This imagination inflation effect has been demonstrated for autobiographical memories (Hyman and Pentland, 1996; Mazzoni and Memon, 2003), as well as self-performed actions or actions performed by others (Goff and Roediger, 1998; Thomas and Loftus, 2002; Lindner and Echterhoff, 2015; Calvillo et al., 2019). Winograd et al. (1998) observed a positive correlation between false recall in the DRM paradigm (Deese, 1959; Roediger and McDermott, 1995) and individual differences in mental imagery (measured by the Vividness of Visual Imagery Questionnaire), suggesting that the more vivid the mental images, the more likely to be falsely remembered. The authors explain this effect by difficulties in source monitoring between the words presented externally and the internally generated images (Winograd et al., 1998). In contrast to the imagination inflation effect, several reports have demonstrated an effect of imagination facilitation. That is, imaginal encoding can increase correct recall and reduce memory errors. Imaginal encoding typically improves memory (Paivio, 1991), and specifically for false memories, deliberately generating images reduces false memories compared to a control condition in the DRM paradigm (Foley et al., 2006; Robin, 2011; Oliver et al., 2016). Of note, in the DRM, false memories are elicited by relational processing (i.e., a list level or inter-item effect; Hege and Dodson, 2004; Huff et al., 2020). Generating images during the encoding of DRM items (associative word lists or objects) seem to improve item-specific processing, thus decreasing the chances of activating the critical item (non-presented lure) during encoding, and enhancing retrieval of studied items, both in recall and recognition tests (Robin, 2011; Robin and Mahé, 2015). Moreover, according to Foley et al. (2006), imaginary strategies at encoding allow participants to benefit from a richer context for successful monitoring, which results in improved veridical memories and reduced false memories. Still other studies have shown that imaginal encoding has no effect on false recall (Newstead and Newstead, 1998).

Perhaps, the different outcomes that have been reported for the effect of imaginal encoding on false memories – in particular the imagination inflation and the imagination facilitation effects – might be explained by differences between the paradigms where this encoding strategy was employed. As described above, the imagination inflation effect was found when the imaginal encoding strategy was employed for autobiographical events and actions, while the imagination facilitation effect was found when such strategy was employed for verbal materials, such as the associative wordlists used in the DRM paradigm. Considering these divergent patterns of results across different false memory paradigms, it is of great interest to compile evidence and explore the impact of imaginal encoding using pragmatic inference sentences. This paradigm involves verbal information describing everyday events and actions. Similarly to the DRM, it elicits false memories for non-presented material. Yet, while the DRM effects occur at the inter-item (list) level, pragmatic inference effects do not rely on relational processing, occurring at an intra-item level.

In the present study, we wanted to extend the existing knowledge on the effects of different encoding instructions on false memories using a paradigm that resembles the type of memory errors generated for everyday actions. Here, we investigated how an imagination strategy at encoding affected false memories for information about everyday actions produced by pragmatic inferences. For that purpose, sixty pragmatic inference sentences were used. These sentences were presented in Portuguese since pragmatic inferences have been shown to be culture and language specific (Carneiro et al., 2020). Responses were coded following the standard criteria proposed by Brewer (1977), as detailed in the methods’ section. Across two experiments, the effect of imagination was studied by manipulating the instructions given to participants at the encoding phase as well as the after-item filler task (none, to allow time for participants to imagine vs. solving math operations). By manipulating the instruction task, we contrasted our experimental condition (imagination) against two control conditions: a memory condition, akin to those commonly used in memory research and an instruction to simply pay attention, to serve as a baseline. After encoding, participants either engaged in a no filler task, allowing elaborative rehearsal and the engagement in deeper processing or, alternatively, they performed math operations, which constrained rehearsal and elaboration (Craik and Watkins, 1973). This manipulation of the filler task is important as imaginal encoding is associated with rehearsal and elaboration, and as such it may depend on the time available for such processes to take place. Indeed, similar manipulations of the filler task have been repeatedly used for the study of different levels of processing in memory tasks (Lewandowsky and Oberauer, 2015; Bartsch and Oberauer, 2021), and specifically in false recall paradigms (Rhodes and Anastasi, 2000). Experiment 1 was a laboratory-based experiment, where participants were randomly assigned to one out of three conditions: imagine+no filler; pay attention+math; or memorize+math. In Experiment 2, we manipulated the encoding instructions (imagine vs. memorize) and filler tasks (none vs. math) orthogonally. Participants were randomly assigned to one of four conditions: imagine+no filler; imagine+math; memorize+no filler; or memorize+math. Based on the revised literature, we expected imagination to significantly affect false memory performance compared to our control instructions to memorize or pay attention to the sentences. We had two contrasting possible hypotheses regarding the direction of this effect. On the one side, one could expect imagination encoding to increase the proportion of false memories compared to the control encodings, as previously found for the performance of actions (Goff and Roediger, 1998; Thomas and Loftus, 2002; Lindner and Echterhoff, 2015; Calvillo et al., 2019). This imagination inflation effect would reflect an increased proneness to source-monitoring errors, due to the difficulty in differentiating between externally presented information (i.e., the information presented in the sentence) and internally generated images (i.e., imagining the information that is pragmatically inferred). Alternatively, as shown in the DRM, an instruction to imagine could reduce false memories, by promoting item-specific processing and decreasing the probability of generating a pragmatic inference during encoding. Moreover, the instruction to imagine may lead to a more deliberate consideration of what was presented (i.e., why the sentence included “hit” instead of “broke”), which could facilitate memory and monitoring compared to the control conditions. One possible mechanism supporting this could be the use of a distinctiveness heuristic (Dodson and Schacter, 2002). That is, the generation of images at encoding could provide more distinctive diagnostic cues that would help making monitoring decisions at the moment of retrieval (Dodson and Schacter, 2002; Hege and Dodson, 2004). The use of the distinctive heuristic for the reduction of false memories has been repeatedly demonstrated in the DRM paradigm (Dodson and Schacter, 2002; Hege and Dodson, 2004; Foley et al., 2006; Oliver et al., 2016). However, it remains unexplored how different encoding contexts would affect pragmatic inferences, a paradigm in which false memories are not generated from relational processing and resembles closely the type of memory errors that occur in everyday actions. Therefore, with the present study, we aimed to extend the current understanding on the effects of different encoding conditions in memory errors and to clarify the role of imagination in increasing or reducing errors generated by pragmatic inferences.



EXPERIMENT 1


Materials and Methods


Sample

A total of 120 participants (87 females; Mage=25.63±7.76) voluntarily agreed to participate in a laboratory experiment and were rewarded with 10€ gift vouchers for their time. For both experiments, the sample size was determined based on the number of participants used in previous studies with similar designs (Carneiro et al., 2017, 2020; Soro et al., 2017) and depending on the availability of resources. Participants were randomly assigned to one out of three conditions based on the encoding instructions: imagine, memorize, or pay attention. All participants were provided with information from the study and gave informed consent according with the Declaration of Helsinki (World Health Organisation, 2013). All experimental procedures were approved by the Ethics Committee of the Faculty of Psychology of the University of Lisbon.



Materials and Procedure

Sixty pragmatic implication sentences in Portuguese adapted by Carneiro et al. (2020) were used in the current experiment. Participants performed their task individually in a laboratory computer and the experiment was programmed and ran in the online platform Qualtrics (Qualtrics, Provo, UT). Participants were randomly distributed to the experimental conditions. Likewise, the order of the sentences at the encoding and retrieval phases was randomized anew for each participant. Participants first performed a practice block of the encoding phase with five sentences (without pragmatic implications). After, during the encoding phase, participants were presented with individual sentences in the computer screen for 4.5s and were instructed to read and either memorize, imagine, or pay attention to them (i.e., “The karate champion hit the cinder block”). After each sentence, participants in the imagine condition were presented with a blank screen for 5s, while participants in the pay attention or memorize conditions had to solve a simple math operation for 5s (i.e., 25−9=?). We included a blank screen after the imagine condition to ensure that participants had enough time to engage in mental imagery. This is important given the well-established individual differences in the ability to generate mental images (Marks, 1973; Cui et al., 2007; Pearson et al., 2011). In the middle of the encoding phase, immediately after presentation of the 30th sentence, participants could take a self-paced break, before continuing with the encoding of the remaining sentences. To allow for this break, sentences were counterbalanced in two blocks of 30 sentences each. Two sets of materials were created to counterbalance the sentences across these two blocks. Sentences were randomized within each block. After the encoding of all 60 sentences, participants performed a distractor task for 5min, where they were asked to count the differences between four pairs of images. Finally, participants in all conditions performed a cued-recall test where the 60 sentences were presented, in a random order, without its critical words and participants had to fill in the gaps (i.e., “The karate champion ____ the cinder block”). The experiment lasted, on average, 40min to be completed. After completion of this experiment, participants took part in two additional experiments (independent of the current study) for 20min, totalizing a 60min experimental session, after which they were thanked and rewarded for their time.

Participants’ responses were recoded following an adaptation of the standard criterion proposed by Brewer (1977). Answers that match the original sentence or synonyms that maintained the meaning of the original sentence were considered correct responses, answers that matched the expected pragmatic inferences or their synonyms were considered pragmatic inferences responses, and other alternative answers were considered intrusions. Responses left blank were considered as omissions. For example, for the sentence “the karate champion hit the cinder block,” responses were classified as either: (a) correct responses (i.e., “hit”); (b) pragmatic inferences (i.e., “broke/destroyed/crashed”); (c) intrusions (i.e., “kicked/lifted/moved”); and (d) omissions (no response). Supplementary Table 1 includes the complete list of the 60 sentences used as well as their coding criteria.

We calculated the proportion of recall for the four different response types (correct responses, pragmatic inferences, intrusions, and omissions) by adding the number of each response type and dividing them by the total number of sentences (60). Table 1 summarizes the proportion of recall for each encoding condition group and response type.



TABLE 1. Mean proportions and standard deviations of the cued-recall tests for correct responses, pragmatic implications, omissions, and intrusions for the two experiments as a function of the experimental conditions.
[image: Table1]




Results


Response Type

Statistical analyses were performed using IBM SPSS Statistics software version 25 (IBM Corp., Armonk, NY, United States). Because the four dependent variables (i.e., correct responses, pragmatic inferences, intrusions, and omissions) have different statistical distributions, we ran separate one-way ANOVAs for each response type, with the proportion of recall as the dependent variable and the encoding condition as the independent factor (imagine vs. memorize vs. pay attention). Results were further analyzed within the Bayesian hypothesis testing framework to quantify the evidence for differences between the conditions (H1) in favor of no differences (H0). Bayesian ANOVAs and t-tests were run in JASP (JASP Team, 2020) using the default settings [r scale fixed effects=0.5, r scale random effects=1, samples=auto (10,000)]. In short, according to the Lee and Wagenmakers’ classification (Ly et al., 2016), Bayes factors (BF10) above 3 provide evidence in favor of H1, below 0.3 support H0, while intermediate values are interpreted as inconclusive (van Doorn et al., 2019).

Results for correct responses revealed a main effect of encoding condition, F(2,117)=28.89, p<0.01, [image: image]=0.33, BF10=1.41e+8. Post-hoc Bonferroni comparisons showed that the group instructed to imagine (M=0.41±0.16) recalled a higher proportion of correct responses than the groups instructed to memorize [M=0.20±0.11; p<0.01; 95% CI (0.14–0.28)] and to pay attention [M=0.25±0.12; p<0.01; 95% CI (0.09–0.23)]. No differences in correct responses were observed between the instruction to memorize and pay attention [p=0.26; 95% CI (−0.12–0.02)].

Regarding memory errors, results for pragmatic inferences responses revealed a main effect of encoding condition, F(2,117)=17.83, p<0.01, [image: image]=0.23, BF10=82080.45. Post-hoc Bonferroni comparisons showed that the group instructed to imagine (M=0.36±0.09) recalled a lower proportion of pragmatic inferences than the groups instructed to memorize [M=0.49±0.09; p<0.01; 95% CI (−0.18–−0.07)] and to pay attention [M=0.46±0.11; p<0.01; 95% CI (−0.15–−0.04)]. No difference in the recall of pragmatic implications was observed between the instruction to memorize and pay attention [p=0.55; 95% CI (−0.02–0.08)].

As for intrusions, results showed that the evidence for an effect of encoding condition was inconclusive, F(2, 117)=2.78, p=0.06, [image: image]=0.04, BF10=0.78; and results for omissions provided moderate evidence for no differences between the encoding conditions, F(2, 117)=1.18, p=0.31, [image: image]=0.20, BF10=0.21.



Memory Benefit Index

In addition to the analyses of the different response types, we derived a memory benefit index which captures the size of the difference between correct recall and recall of pragmatic implications for each sentence. We computed this index by subtracting the proportion of pragmatic inferences from the proportion of correct responses and this difference was divided by the overall recall (i.e., Correct responses−Pragmatic inferences) / (Correct responses+Pragmatic inferences). This index captures the effect of error production relative to correct recall, while controlling for overall memory performance. It is thus a more fine-graded measure of memory accuracy as it is independent of the total number of responses generated. A higher score means greater memory accuracy (with higher veridical recall and lower pragmatic inferences committed), and a lower score reflects lower memory accuracy (with lower correct recall and higher pragmatic inferences committed). This variable was introduced in a one-way ANOVA with encoding condition (imagine vs. memorize vs. pay attention) as the between-groups factor. Results revealed a main effect of condition, F(2,117)=29.34, p<0.01, [image: image]=0.33, BF10=2.72e+8, and post-hoc Bonferroni comparisons showed that the group instructed to imagine (M=0.04±0.32) outperformed the groups instructed to memorize [M=−0.43±0.24; p<0.01; 95% CI (0.32–0.63)] and to pay attention [M=−0.30±0.29; p<0.01; 95% CI (0.19–0.50)]. No differences in memory performance were observed between the instruction to memorize and pay attention [p=0.13; 95% CI (−2.82–0.25)].




Discussion

Results show that the instruction to imagine benefitted memory performance compared to the instructions to memorize and pay attention. Participants showed a higher proportion of correct responses, and a lower proportion of pragmatic inference errors. We should note, however, that the group instructed to imagine had a longer time to rehearse because of the presentation of a blank screen after each sentence, while the memorize and pay attention groups had to perform math operations after each sentence and thus were exposed to a harder environment for rehearsal. To determine if the benefit of imagination comes from the longer time to rehearse or from a reliable effect of the instruction to imagine, we ran a second experiment in which we improved methodological control and compared four different conditions resulting from the crossing of two factors: the encoding instruction (memorize vs. imagine) and the filler task (none vs. math operations). For this second experiment, we decided to exclude the pay attention condition since it held no significant differences from the typical memory instruction.




EXPERIMENT 2


Materials and Methods


Sample

A total of 179 university students from the Faculty of Psychology of the University of Lisbon participated in the study and received course credits for compensation. The first 29 participants were tested in the experimental laboratory of the Faculty of Psychology. Due to COVID-19 outbreak and subsequent national lockdown, data collection moved to online for the remaining 150 participants. For online data collection and following previous work (Carneiro et al., 2020), several attention checks were introduced across the experiment (see procedure below) to guarantee that participants completed the task successfully and attentively. Sixteen participants failed one or more attention checks during cued recall, and their responses were excluded from further analysis. Moreover, other 50 responses had to be excluded for the following reasons: 40 participants indicated that they were not native speakers of European Portuguese, and 10 participants did not complete the experiment or were interrupted during the session. Therefore, the final sample consisted of 113 valid participants (85 online and 28 from the laboratory; 94 females; Mage=20.65±6.37). To rule out possible differences in memory performance as a function of the testing setting, we ran independent samples t-test in the four dependent variables. Despite the unbalanced distributions of participants across settings (28 in the laboratory vs. 85 online), results provide evidence for no differences between participants tested in the laboratory and online: correct responses: t(111)=0.21, p=0.83, 95% CI (−0.06–0.07), BF10=0.23; pragmatic inferences: t(111)=−0.35, p=0.72, 95% CI (−0.07–0.05), BF10=0.24; intrusions: t(111)=0.25, p=0.80, 95% CI (−0.03–0.03), BF10=0.23; and omissions: t(111)=−0.03, p=0.97, 95% CI (−0.05–0.05), BF10=0.23.

Participants were randomly assigned to one out of four conditions resulting from the factorial combination of encoding instructions and filler tasks: imagine+no filler; imagine+math; memorize+no filler; or memorize+math. Similarly, all participants were provided with information from the study and gave written informed consent. All procedures were approved by the Ethics Committee of the Faculty of Psychology of the University of Lisbon.



Procedure

Materials and procedure were similar to those used in Experiment 1 with the following exceptions. First, online participants were instructed to perform the task in a quiet environment without interruptions. Second, several attention checks were introduced across the study to guarantee successful performance in the task (following Carneiro et al., 2020). At the encoding phase, participants either read instructions to imagine or to memorize the sentences and, after each sentence, were either presented with a blank screen for 5s or a math problem to solve, according to the condition. Two attention checks were presented at the encoding phase. These consisted in pressing an arrow button under 10s to resume the presentation of the sentences (a timer was displayed). To allow for these attention checks to appear amid encoding, the sentences were counterbalanced across three blocks of 20 sentences each: the first attention check appeared at the end of the first block, after the 20th sentence; the small break appeared amid the second block, after the 30th sentence; and the second attention check appeared before the final block, after the 40th sentence. Three sets of materials were created to counterbalance the sentences across the three blocks of the encoding phase, a first block of 20 sentences, a second block of 20 divided by a break after the 10th sentence, and a final block of 20 sentences. Within each block, sentences were presented in a randomized order. The distractor task and test phase were the same as those in the previous experiment, but three additional attention checks were added at test: these consisted of fragmented sentences, similar to those presented for recall, but explicitly asking participants to write a given word (seven, backpack, and red) in the response field. At the end of the experiment, participants were asked to rate their level of attention (M=5.80±0.75) and the quality of their data (M=5.15±1.16) in a 7-point Likert scale. The presentation order for the fragmented sentences at test was randomized. Experiment 2 took, on average, 40min to be completed.




Results

An independent samples t-test revealed no difference in the overall math accuracy between the memorize (M=0.75±0.10) and imagine (M=0.74±0.09) encoding conditions, t(56)=0.25; p=0.76; 95% CI (−0.06–0.04), BF10=0.27.

Akin to Experiment 1, responses of the final cued-recall test were recoded and classified using an adaptation of the standard criterion proposed by Brewer (1977; see Supplementary Table 1).


Response Type

We conducted four separate two-way ANOVAs with 2 (encoding condition: imagine vs. memorize)×2 (filler task: no filler vs. math), one for each dependent variable. Performance on the different variables as a function of condition is included in Table 1.

Results for correct responses revealed a main effect of encoding condition, F(1,109)=12.56, p<0.01, [image: image]=0.10, BF10=41.78, suggesting that the groups instructed to imagine (M=0.40±0.16) recalled a higher proportion of correct responses than the groups instructed to memorize [M=0.30±0.14; p<0.01; 95% CI (0.04–0.15)]. There was also a main effect of filler task, F(1,109)=7.65, p<0.01, [image: image]=0.06, BF10=6.59, with no filler (M=0.39±0.16) leading to a better performance than doing math operations [M=0.31±0.14; p=0.01; 95% CI (0.01–0.13)]. Results showed moderate evidence for an interaction between the factors, F(1,109)=2.92, p=0.09, [image: image]=0.03, BF10=3.31. This means that while for participants solving math operations there is no conclusive evidence for a difference in the proportion of correct responses between the instruction to imagine (M=0.34±0.15) and to memorize (M=0.29±0.13), t(56)=1.32, p=0.19, 95% CI (−0.17–0.86), BF10=0.55; for participants that saw a blank screen after each sentence, those in the imagine condition had a higher proportion of correct responses (M=0.46±0.14), than instructed to memorize (M=0.32±0.15), t(56)=3.65, p<0.01, 95% CI (0.42–1.54), BF10=47.89.

For pragmatic inferences responses, results revealed a significant main effect of encoding condition, F(1,109)=5.20, p=0.02, [image: image]=0.05, BF10=1.48, suggesting that the group instructed to imagine (M=0.41±0.12) committed a significantly lower proportion of pragmatic inference errors than the groups instructed to memorize [M=0.47±0.17; p=0.03; 95% CI (−0.10–−0.00)]. A main effect of filler task was also observed, F(1, 109)=4.48, p=0.04, [image: image]=0.04, BF10=1.13; with the no filler condition (M=0.41±0.13) leading to lower levels of pragmatic inference errors than doing math operations [M=0.46±0.13; p=0.04; 95% CI (0.00–0.10)]. The interaction between encoding condition and filler task did not reach significance, F(1,109)=0.50, p=0.48, [image: image]<0.01, BF10=0.51. Yet, in Bayesian analyses, the evidence for these effects is deemed inconclusive, meaning that, with the current sample size, we did not have enough power to provide evidence for reliable effects (Ly et al., 2016; Quintana and Williams, 2018).

Lastly, results for intrusions revealed a main effect of encoding condition, F(1, 109)=10.31, p<0.01, [image: image]=0.08, BF10=12.17, revealing that the group instructed to imagine (M=0.10±0.05) committed a lower proportion of intrusion errors than the group instructed to memorize [M=0.14±0.08; p<0.01; 95% CI (−0.06–−0.02)]. No other significant results were found (all ps>0.29, BFs10<0.37). No significant differences were found for omissions (all ps>0.47, BFs10<0.15).



Memory Benefit Index

Similar to Experiment 1, we computed a memory benefit index that was analyzed in a two-way ANOVA, with 2 (encoding instruction: imagine vs. memorize)×(filler task: no filler vs. math) as between group factors. Consistent with Experiment 1, results revealed a main effect of encoding instruction, F(1,109)=9.77, p<0.01, [image: image]=0.08, BF10=12.04, meaning that participants instructed to imagine (M=−0.03±0.33) outperformed those instructed to memorize [M=−0.21±0.33; p<0.01; 95% CI (0.07–0.31)]. Results also revealed a main effect of filler task, F(1,109)=7.08, p=0.01, [image: image]=0.06, BF10=4.45, such that performing math operations after encoding each of the sentences led to worse memory performance (M=−0.20±0.34) than to stare at a blank screen without doing any explicit task for 5s [M=−0.04±0.32; p<0.01; 95% CI (−0.28–−0.04)]. Finally, the interaction between the factors did not reach the level of significance, with the Bayesian analysis revealing inconclusive evidence for the absence or presence of an interaction, F(1,109)=2.18, p=0.14, [image: image]=0.02, BF10=1.90.




Discussion

Experiment 2 aimed at disentangling whether the benefits that imagination had on memory in Experiment 1 were solely due to this encoding strategy or if these benefits were promoted by the task participants carried out after the presentation of each sentence (no filler task, allowing for rehearsal, vs. math operations). To do so, in Experiment 2, both filler tasks were manipulated across different encoding strategies. Results were partly consistent with Experiment 1: imaginal encoding seems to be beneficial for memory, compared to a memory encoding strategy. The instruction to imagine promoted an overall better performance, with higher levels of correct responses and lower levels of intrusion errors, compared to an instruction to memorize.




GENERAL DISCUSSION

The purpose of this research was to explore the effect of imagination as an encoding strategy on false memories induced by pragmatic inference sentences. In Experiment 1, we observed that instructions to imagine improved overall memory performance, by enhancing the level of correct responses recalled and by reducing the proportion of pragmatic inference errors committed, compared to other encoding strategies. However, given the methodological confound derived from the longer time to rehearse in the imagination group against the other conditions, caution is warranted in the interpretation of the results. Experiment 2 addressed this methodological limitation and revealed an effect of imagination in increasing the proportion of correct responses and improving overall performance (memory benefit index), compared to the memorize condition. In addition, a significant reduction in pragmatic inference errors was also observed in the imagination condition, indicating a decrease in false memories. Yet, while results from the Bayesian framework provided support for the reduction of pragmatic inference errors in Experiment 1, results from Experiment 2 suggested that with the current sample size, we did not have enough power to claim for such an effect in the imagine, compared to the memorize condition.

Regarding the differences as a function of the filler task, we observed that participants in the imagine condition had a higher proportion of correct recall compared to the memory condition, when they saw a blank screen after each sentence. We must note that the blank screen displayed after each sentence had a fixed presentation time of 5s. Therefore, although participants had the same time to rehearse the sentence, it was in the imagine condition where rehearsal benefitted subsequent memory recall. Furthermore, the overall performance in solving math equations did not differ between the instruction to imagine or to memorize, suggesting that the amount of time and elaboration was the same for both encoding conditions, and it was the combination of the instruction to imagine and the time to rehearse that led to more accurate recall (Bower, 1970).

Imagination has long been recognized for its enhancing effects on veridical memory (Paivio, 1991), and imaginal encoding strategies are often used as a mnemonic aid that can lead to increases in the amount of information that can be stored and retrieved (Paivio, 1991). The effectiveness of instructions that invite participants to use imaginal encoding strategies in verbal learning has generally provided consistent, reliable, and substantial improvements in tests related to retention, recall performance, and recognition (Richardson, 1998). According to the DRM literature, imagination is also beneficial by reducing false memories: When participants are instructed to imagine objects that correspond to the presented word-list items or to images presented on the screen, veridical memory is improved, and false memories are reduced compared to control instructions (Hege and Dodson, 2004; Foley et al., 2006, 2009; Oliver et al., 2016). Our results replicated this imagination facilitation effect and extended it to pragmatical implications on everyday actions: Imaginal encoding improved veridical memory of the stated information.

Several explanations can be proposed for this result. On the one hand, according to the impoverished relational-encoding view, imaginal encoding improves item-specific processing and reduces relational processing of information and thus false memories (Hege and Dodson, 2004; Foley et al., 2006; Oliver et al., 2016). According to Hege and Dodson (2004), encoding images interfere with the encoding of relational information – the main cause of false memories in the DRM – so that critical lures are less likely to be falsely recalled at the final memory test, resulting in an improved memory performance. In our experimental design, it was not possible to directly measure what people were actually imagining, in order to assess if the generated images matched what was explicitly stated in the sentence. Yet, the observed imagination facilitation effect suggests that indeed, instructing participants to imagine the sentences promote item-specific processing and attenuate the probability of generating pragmatic inferences. It would be interesting for future studies to ask participants what they imagined and evaluate whether relational information had been encoded or not.

On the other hand, imagination instructions seem to promote encoding of the presented material, by providing more specific characteristics or diagnostic cues (Foley et al., 2009; Robin, 2011). These cues can later be used to make better source-monitoring decisions, that is, to accept (veridical) information about which one has more mental images and to disregard (wrong) information that lacks such cues. This process may rely on the distinctiveness heuristic (Hege and Dodson, 2004; McCabe and Smith, 2006; Oliver et al., 2016), by which source-monitoring decisions would be guided by distinctiveness. Because the non-imagined material lacks distinctive details, it would, therefore, be rejected (Foley et al., 2009). This interpretation is supported by the results of Rajaram’s study showing that the recognition of pictures compared to words is based on the retrieval of distinctive features from memory rather than the familiarity of the events (Rajaram, 1993). Yet, results from Robin (2011) showed that, even though imaginal encoding reduces false memories in free recall tests, it does not reduce false memories in recognition tests, suggesting that distinctiveness was not at play. According to Robin (2011), the benefits of imaginal instructions for memory could either stem from an enhancement of the specific characteristic of the information encoded that will act as cues, facilitating veridical retrieval and only by that avoiding errors or from the use of the distinctiveness heuristic only when participants can benefit from appropriate contextual support – as it is the case of cued-recall tests but not for recognition tests where participants are exposed to false information.

Besides this, the distinctiveness heuristic is an inferential strategy that comes into play during retrieval, when an individual fails to remember sufficient information about a past event (Dodson and Schacter, 2002; Hege and Dodson, 2004). The distinctiveness heuristic depends on individual source-monitoring processes and on metamemorial beliefs of what should be remembered (Johnson et al., 1993; Dodson and Schacter, 2002). In this regard, failing to remember inferable information about an event (expected, but not necessarily veridical) can sign that the event never occurred. Dodson and Schacter (2002) demonstrated that encoding images biased toward the use of a distinctiveness heuristic and, in fact, previous research as shown that the use of this heuristic reduces false memories both in recognition and in recall tests (McCabe and Smith, 2006; Robin, 2011). In our case, we believe that the experience of imagination provides at encoding rich information details, regarding both the stimuli and the residual traces of the mental operations performed at encoding that can be used, promoting item-specific processing with distinctive and diagnostic details. This leads to richer and more detailed representations in memory for the imagined action and, at retrieval, the use of the distinctiveness heuristic – as a metamemorial decision-based strategy – allows the exclusion of items that are recalled in the absence of such details. Therefore, imaginal encoding could lead to a more careful dissociation between explicitly stated vs. inferable information.

The Fuzzy Trace Theory (FTT) provides an alternative but complementary explanation to our findings since it distinguishes between the parallel encoding of two different types of memory traces. On the one hand, gist traces encode general meaning-based representations, and on the other, verbatim traces encode superficial representations based on perception. According to the FTT, memory performance is based on the retrieval of both verbatim and gist traces. While both types of traces can support the accurate memory reconstruction, gist-irrelevant information can co-occur with the activation of gist traces, but they are suppressed by the retrieval of verbatim traces (Reyna and Kiernan, 1994; Brainerd and Reyna, 2002). Thus, the memory errors generated by pragmatic inference sentences would be consistent with the retrieval of gist traces, since they represent a deductive interpretation of concepts (meanings, relations, and patterns) that integrate world knowledge with textual information (Kintsch, 1974; Reyna and Kiernan, 1994). In this sense, in our study, the imaginary activity generated at encoding promoted the processing of verbatim traces (i.e., episodically instantiated representations of the presented items), which resulted in the imagination facilitation effect, leading to an increase in correct responses and a reduction in pragmatic inference errors.

The imagination facilitation effect is very robust for DRM-induced false memories and, supported by our results, for pragmatic inference sentences. Nonetheless, there are reports of imagination inflation effects with other memory paradigms (Hyman and Pentland, 1996; Goff and Roediger, 1998; Mazzoni and Memon, 2003; Lindner and Echterhoff, 2015; Calvillo et al., 2019). Such discrepant results may be explained by differences in the paradigms employed. As mentioned at the outset, while the imagination facilitation effect was found using the DRM paradigm, that relies on verbal material and their semantic association, the imagination inflation effect was found for autobiographical events and actions. That is one of the reasons that makes the use of pragmatic inference sentences particularly interesting: These materials describe everyday actions and events but rely on semantic extraction and association; and yet the imagination facilitation effect persisted.

Another possible approach to the discrepant result patterns, less parsimonious but perhaps more conciliatory, is that these findings may reflect two sides of the same coin. As it was already stated, imagination leads to a better retrieval of the studied information (Paivio, 1991; Richardson, 1998; Foley et al., 2006). Perhaps imagination increases overall the retrieval of the imagined information – whether true (explicitly studied) or false (not presented). In the DRM paradigm and in the pragmatic inference paradigm employed here, participants are asked to imagine the presented words and sentences, respectively. So, presumably, they imagined veridical information, which in turn promoted veridical retrieval and reduced false memories for non-imagined lures or pragmatic implications. However, in the cases where an imagination inflation effect was found, participants were asked to imagine events and actions that they did not perform and were thus considered as false (not presented) information. Perhaps both inflation and facilitation effects reflect an increase of retrieval for all imagined information, true or false, as long as imagined. Our results provide evidence for a beneficial effect of imagination in memory using pragmatic inferences. However, caution should be warranted when generalizing our results to other materials and paradigms. Although we consider that in our data no additional analysis could allow us to differentiate between imagination inflation and facilitation, it might be interesting for future studies to compare memory performance between different types of pragmatic inference sentences, for example, manipulating the agent (i.e., third vs. first person), as this has been argued to be a critical factor in false memory paradigms on action performance (Lindner and Echterhoff, 2015). This would allow testing the extent to which our results (a facilitation effect) generalize to conditions similar to those used in other paradigms.

Some limitations of the current study are worth acknowledging. First, a subset of participants in Experiment 2 was tested in a different setting, and results from Bayesian analyses suggest that the sample size was not large enough to show conclusive results. Second, the level of imaginability of each sentence was not considered. Future studies should explore the impact of each stimulus’ imaginary value and differentiate between high and low imaginability sentences. Besides, it is important for future studies to consider individual mental imagery abilities, since we could expect that differences in imagery abilities might explain whether the instruction to imagine results in a positive or negative effect on memory performance. Third, participants’ confidence level was not measured, a factor that has been shown to modulate the proportion of false memories (Brewer et al., 2005). It might be interesting for future research to assess the confidence levels of both imagination (how accurate they think their generated image was) and retrieval (how confident they are of their response at the final memory test). Finally, the substantial reduction in false recognition errors that we obtained suggests that it may also be worth exploring imaginal encoding as a strategy for the correction of false memories.

Taken together, our findings suggest how an imagery strategy at encoding improves memory. Perhaps the limits of imagining are not the same as the limits of remembering: Our memories are constrained but maybe our imagination is free (McCarroll, 2020). Imaginary encoding surely seems to be a key strategy to create better learning environments, less prone to false memories, and empowering of our veridical memories.
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The ability to make inferences about related experiences is an important function of memory that allows individuals to build generalizable knowledge. In some cases, however, making inferences may lead to false memories when individuals misremember inferred information as having been observed. One factor that is known to increase the prevalence of false memories is the physical resemblance between new and old information. The extent to which physical resemblance has parallel effects on generalization and memory for the source of inferred associations is not known. To investigate the parallels between memory generalization and false memories, we conducted three experiments using an acquired equivalence paradigm and manipulated physical resemblance between items that made up related experiences. The three experiments showed increased generalization for higher levels of resemblance. Recognition and source memory judgments revealed that high rates of generalization were not always accompanied by high rates of false memories. Thus, physical resemblance across episodes may promote generalization with or without a trade-off in terms of impeding memory specificity.
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INTRODUCTION

Memory integration—the ability to link information across related experiences—is an important function of memory. It allows individuals to build knowledge to support inferences and generalize prior experience to novel situations. For example, after hearing that your friend from New York, Kyle, is spending his summer vacation at the Jersey Shore, you may generalize this preference to another friend from New York, Brad, assuming that he might make similar vacation plans. Memory generalization, however, may come at the expense of memory specificity, as integration may lead to false memories (Carpenter and Schacter, 2017, 2018). That is, you might falsely remember that both Kyle and Brad told you that they were going to the Jersey Shore when, in fact, you had merely inferred Brad's plans. In this study, we were interested in the relationship between false memories and generalization, and whether contexts that promote false memories also tend to promote generalization in decision-making.

Acquired equivalence is one form of generalization, which involves assuming that when a pair of stimuli share one commonality (e.g., two people who are both from New York), they are likely to share other characteristics (e.g., preferred vacation location) (Edwards et al., 1982; Honey and Hall, 1989; Shohamy and Wagner, 2008). Importantly, acquired equivalence occurs when characteristics are extended from one individual to the other through inference rather than through direct learning. In this paradigm (see Figure 1), participants generally undergo training to learn a set of associations, like that Face 1 and Face 2 both prefer Scene 1 over Scene 1′. They also learn that Face 1 prefers Scene 2 over Scene 2′. The sets of associations that the participants learn directly through training are known as the trained associations. The participants are subsequently tested on the trained associations as well as on the critical untrained association between Face 2 and Scene 2. When the participants indicate that Face 2 is associated with Scene 2 over Scene 2′ at rates reliably above 50%, it is taken as evidence that the participants have generalized across Face 1 and Face 2, showing “acquired equivalence” between them.


[image: Figure 1]
FIGURE 1. Acquired equivalence task structure. Participants learn that two people (Face 1 and Face 2) share one association (in our task, living in the same city, e.g., New York not London) via feedback-based learning. They also learn an additional association for Face 1 (in our task, their preferred vacation location, e.g., the beach, not the countryside) also via feedback. The correct scene association for each face is indicated by a circle (Scene 1 and Scene 2). The other scene is a foil scene (Scene 1' and Scene 2'). After training, participants are tested on these trained associations as well as on the untrained Face 2 – Scene 2 association (dashed line, dashed border). Participants were not informed of the structure of the task set nor that they would be tested on associations not present in the training phase. The tendency to say that Face 2 is associated with Scene 2 over Scene 2' (e.g., the beach over the countryside) is taken as evidence of acquired equivalence between Face 1 and Face 2. All the faces depicted come from the Dallas Face Database (Minear and Park, 2004).


Integrative encoding is one mechanism by which acquired equivalence can occur. It involves combining memory representations of events at the time of learning based on their commonalities (Shohamy and Wagner, 2008; Zeithamova et al., 2012a; Richter et al., 2016; Schapiro et al., 2017). For example, meeting Brad and hearing he is from New York may trigger a memory for Kyle because of their shared association with New York. The memory representations of Brad and Kyle may then become integrated, because they were active at the same time, making it more likely that new information learned about either person will be applied to both of them. Prior study has supported the notion that acquired equivalence can be a function of integrative encoding, showing that acquired equivalence judgments can be made as quickly as judgments about associations learned directly (Shohamy and Wagner, 2008; but see de Araujo Sanchez and Zeithamova, 2020). Inferences do not always require additional processing time at retrieval suggests that the inferred relationship can be established prior to retrieval. Further, hippocampal processing at the time of encoding predicted later generalization, suggesting that links across episodes were formed during learning rather than on-the-fly during generalization itself (Shohamy and Wagner, 2008).

A key component of integrative encoding is pattern completion. Pattern completion occurs when a partial cue triggers retrieval of a complete engram, leading to recognition (Marr, 1971; McClelland et al., 1995; Hunsaker and Kesner, 2013; Horner et al., 2015). In the above example, pattern completion occurs when Brad mentions being from New York, which then triggers a memory for Kyle who is also associated with New York. This process can lead to integrative encoding when reactivated prior events are then re-encoded along with current experience (Zeithamova et al., 2012a; Schapiro et al., 2017). Further, a prior study suggests that the likelihood of pattern completion occurring increases with the degree of resemblance between past experience and the current retrieval cue (Guzowski et al., 2004; Lee et al., 2004; Vazdarjanova and Guzowski, 2004; Liu et al., 2016). Recent evidence has also shown that higher similarity between related episodes increases the likelihood that individuals will make new inferences that combine information across those episodes (Molitor et al., 2021). The first goal of this study was to extend this finding to an acquired equivalence paradigm, testing whether increasing physical resemblance between stimuli comprising overlapping associations would lead to increases in rates of acquired equivalence.

While integrative encoding may support inference and facilitate later generalization, it may also come with a trade-off: reduced memory specificity. Combining representations of related events may lead unique aspects of those experiences to be lost or conflated. Increases in false memories, in particular, have sometimes been posited as a consequence of generalization (Carpenter and Schacter, 2017, 2018; Varga et al., 2019). For example, Carpenter and Schacter (2017, 2018) showed that when participants made inferences across related experiences, they tended to misattribute unique contextual details from one episode to the other, conflating the two experiences. Likewise, Shohamy and Wagner (2008) reported anecdotal evidence that individuals who generalized well in an acquired equivalence paradigm were those who conflated directly learned and inferred relationships during learning, although this finding has been difficult to replicate (de Araujo Sanchez and Zeithamova, 2020). Outside inference paradigms, prior research shows that rates of false memories tend to increase with increasing perceptual and/or conceptual overlap between new and old information (Roediger et al., 1995; Arndt and Reder, 2003; Gutchess and Schacter, 2012; Bowman and Dennis, 2015). This effect is thought to occur, in part, because pattern completion can be triggered by the partial overlap between new and old information (Toner et al., 2009; Yassa et al., 2011; Vieweg et al., 2015). Thus, while manipulating the physical resemblance across stimuli within an acquired equivalence paradigm may lead to more generalization by promoting integrative encoding, it may also lead to higher rates of false memories.

Alternatively, generalization may not lead to false memories if inferences are retrieval-based rather than formed through integrative encoding (Zeithamova and Bowman, 2020). Retrieval-based inference occurs when related episodes are encoded separately and then retrieved in parallel to make generalization decisions on the fly (Zeithamova and Preston, 2010; Banino et al., 2016). Importantly, when generalization occurs via this flexible retrieval mechanism, it is possible to maintain separate representations of related episodes while still generalizing. In this case, memory specificity and generalization may go hand-in-hand, because the quality of the separate representations determines the accuracy of later decision-making (Kumaran, 2012; Kumaran and McClelland, 2012). Recent study has formally tested both generalization and memory specificity in inference paradigms, sometimes showing no trade-off (de Araujo Sanchez and Zeithamova, 2020), or even a positive relationship between them (Banino et al., 2016). Thus, false memories are not always a consequence of generalizing, and the degree of overlap across experiences may have different effects on false memory and generalization when related experiences are coded separately (Zeithamova and Bowman, 2020).

To investigate the parallels between memory generalization and false memories, we conducted three experiments using an acquired equivalence paradigm while manipulating the physical resemblance between items that comprised related experiences using computer-blended face stimuli. In Experiment 1, some pairs of faces shared a common parent image, while other pairs were blended without a shared parent. In Experiment 2, all pairs of faces shared a common parent, but the weight given to the shared parent varied parametrically. We then tested both generalization and rates of false memory for the source of the inferred information, measuring whether physical resemblance had similar or distinct effects across these two memory judgments. In Experiment 3, we added a recognition test to determine whether pair-mate faces could be discriminated from one another. We hypothesized that physical resemblance would increase the likelihood that prior related experiences would be reactivated during new learning, promoting integrative encoding and supporting generalization. However, we also hypothesized that reliance on integrative encoding would lead to conflating of separate experiences, with higher rates of false memories for the source of information when items resembled one another.



EXPERIMENT 1


Materials and Methods
 
Participants

Forty participants from the University of Oregon completed the experiment for course credit (27 females, mean age = 19.5 years, SD age = 1.3 years, age range = 18–23 years). This sample size was within the range of prior acquired equivalence studies collected in the laboratory (de Araujo Sanchez and Zeithamova, 2020). While there was no prior study on which to base the expected effect size of physical similarity, we chose a moderate effects size (d = 0.5) a priori as the effect size for which we aimed to have sufficient power. All the participants completed written informed consent, and the Institutional Review Board of the University of Oregon approved all procedures.



Materials

The stimuli were eight colored images of scenes and eight gray scale images of Caucasian male faces. Faces and scenes were paired to form four quadruplets. Each quadruplet included two faces (Face 1 and Face 2, called pair-mates) each paired with two scenes (Scene 1 and Scene 2). There were four possible face-scene pairs within each quadruplet: Face 1-Scene 1, Face 1-Scene 2, Face 2-Scene 1, and Face 2-Scene 2. Three of these face-scene pairs were used for training (Face 1-Scene 1, Face 1-Scene 2, and Face 2-Scene 1). The last one (Face 2-Scene 2) was untrained and only used during the subsequent test to measure generalization via acquired equivalence (Figure 1). Of the eight colored scenes, four were well-known cities and four were nature scenes. For each quadruplet, Scene 1 was a city scene and Scene 2 was a nature scene. The specific pairing of scenes to quadruplets was randomly assigned for each participant.

Faces within each quadruplet were constructed by blending two unaltered face images together using FantaMorph Version 5 by Abrosoft. For each participant, the pair-mate faces for two of the four quadruplets were blended with a shared parent that made up 50% of the blend (Figure 2A). For example, unaltered Face A would be 50/50 blended with unaltered Face B to create Face 1, and unaltered Face C would also be 50/50 blended with unaltered Face B to create Face 2. Thus, these pair-mate faces were manipulated to share a physical similarity. The faces in the other two quadruplets were also created as 50/50 blends but did not share a parent face. For example, unaltered Face D would be 50/50 blended with unaltered Face E to create Face 1, and unaltered Face F would be 50/50 blended with unaltered Face G to create the Face 2. These pair-mates will be referred to as no shared parent pair-mates. For each participant, 14 unaltered faces were randomly selected from a set of 18 possible faces and randomly assigned to create shared parent pair-mates (six parent faces, three for each of two shared parent pair-mates) or no shared parent pair-mates (eight parent faces, four for each of two no shared parent pair-mates). The resulting blended faces were then randomly paired with their nature/city scenes.


[image: Figure 2]
FIGURE 2. (A) In Experiment 1, pairmate faces were blended to either share a parent face or have no shared parent face. Example unaltered parent faces (not shown during any phase of the experiment) are depicted in the top row. On the left, the faces are combined to make shared parent pairmates. On the right, a similar set of unaltered faces are blended to make no shared parent pairmates. Arrows indicate which parent faces would be blended to create task stimuli. All task stimuli in Experiment 1 were 50/50 blends of their parent faces. (B) In Experiment 2, all pairmate faces were blended with a shared parent face but the percentage of the shared parent face included in the final blend face varied parametrically (1%, 25%, 50%, or 75% shared parent). Here, an example Face 1 – Face 2 pair (the shared parent example from A) is shown at each of the four possible blend levels. The top row depicts an example Face 1 at each blend level. The bottom row depicts an example Face 2 at each blend level. In A and B, the same faces are shown for different levels of similarity to demonstrate how the blending process manipulates similarity. In the experiment, a given unaltered face would be part of only one Face 1 – Face 2 pairmate. All the faces depicted come from the Dallas Face Database (Minear and Park, 2004).




Procedure
 
Initial Exposure

To familiarize the participants with the faces prior to asking them to form associations between faces and scenes, the participants first passively viewed each face in isolation three times across a single block. Each face was presented for 2 s followed by a 1-s fixation cross. The participants made no responses and were simply instructed to remember the faces without any indication of the upcoming task structure.



Training

During training, the participants learned three face-scene associations for each quadruplet: Face 1-Scene 1, Face 2-Scene 1, and Face 1-Scene 2. They were instructed to try to learn where each person vacationed (nature scene) and where they lived (city scene). On each trial, a face cue was presented at the top of the screen with two scene options below. For nature scene trials, the cue “Where does he vacation?” appeared at the top of the screen above the face. “Where does he live?” appeared on the screen for city scene trials. The face and scene options were presented for 3 s during which time the participants selected which of the two presented scenes they thought was associated with the cue face by pressing a button on the keyboard. The participants were then given feedback on a separate screen: “Correct” if they selected the correct scene, “Incorrect” if they selected the incorrect scene, and “Too late” if they did not respond within 3 s. Feedback appeared on the screen for 1 s, followed by a 1-s fixation cross.

The scene options were generated so that (1) options were either both city scenes or both nature scenes and (2) scenes were paired together so that a given scene was always presented as an option along with the same other scene, once serving as the target (correct) scene and once as the foil (incorrect) scene. For example, for quadruplet A, the nature scene options might be a beach and a field with the beach being the correct answer. The city scene options might be New York and London with New York being the correct answer. Quadruplet B would then be yoked to Quadruplet A such that it has the same scene options for both nature and city scenes, but the opposite correct answers (i.e., the field and London). This ensures that the participants must learn the association between the face and the scene and not merely which scene is correct more often or correct when compared with a particular other scene, which could occur if the foil scene was randomized. The left/right presentation of the scene options was counterbalanced within the participants across trials.

The participants underwent 16 blocks of training containing 12 trials each, totaling 192 training trials. They took a self-paced break between each block. The order of trials was randomized for each participant with no cue face-scene option combination shown more than three times consecutively.



Acquired Equivalence Test

Immediately following training, the participants were tested on the trained pairs as well as the untrained Face 2-Scene 2 pairing to test for acquired equivalence between Face 1 and Face 2. As in the training phase, a face cue was presented with two scene options on each trial with a corresponding question (“Where does he live?” or “Where does he go on vacation?”) presented above the cue face. The cue face and scene options were presented for 3 s during which time the participants were to indicate which scene was associated with the cue face. Unlike the training phase, the participants did not receive feedback during the test. Each trial ended with a fixation cross that was presented for 1 s. The structure of the scene options remained the same as in the training phase.

To improve the reliability of estimates of acquired equivalence given the limited trials (one for each of four quadruplets), each association was tested six times throughout the test (Shohamy and Wagner, 2008). The order of presentation was randomized with the constraint that the same association was not tested more than twice in a row. The acquired equivalence test was completed in a single block with a total of 96 trials (four associations for each of four quadruplets each presented six times).



Source Memory Test

Following the acquired equivalence test, the participants underwent a source memory test to measure how well they were able to remember when they encountered each association. On each trial, the participants were presented with one face and two scenes arranged vertically above each other to remove the left-right organization of scenes present in training and test. The task was to indicate whether and when the three pictures were presented together previously, regardless of their spatial arrangement.

There were four possible response options, presented from left to right: “study,” “test,” “both,” and “never.” “Study” responses indicated that the images were seen together only during the training phase—an answer that was never correct but was included so that the response options would not give away the task structure. “Test” responses indicated that the images were seen together only during the acquired equivalence test the participants had just completed—an answer that was correct only for Face 2-Scene 2 acquired equivalence items. “Both” responses indicated that the images had been seen together during both the training phase and the acquired equivalence test—an answer that was correct for the three types of trained pairs (i.e., Face 1-Scene 1, Face 2-Scene 1, and Face 1-Scene 2). Lastly, “never” responses indicated that the three images had not been shown together in previous phases of the experiment. We constructed three types of recombined trials for which “never” was the correct answer. “Recombined all” trials consisted of a face and two scenes in which none of the components had been presented with one another. “Recombined face” trials consisted of two scenes that had been previously presented together (e.g., Scene 1 and Scene 1′) and a face that was never presented with those scenes. “Recombined scene” trials consisted of a cue face presented with its corresponding Scene 1 and Scene 2. Thus, each scene was presented with the face previously, but the scenes were never presented together. While this trial type has been used in a prior study with random scene types (de Araujo Sanchez and Zeithamova, 2020), it was particularly obvious in this experiment that these images had not been presented together because of the nature vs. city scene manipulation, as scene options were always either two cities or two nature scenes. One face from each of the four quadruplets was used to create all seven types of source memory trials: three trained (“both”), 1 untrained (“test”), and three recombined (“never”) for a total of 28 source memory test trials. The source memory test was self-paced, with a 1-s fixation cross between each trial.

Of primary interest in the source memory test was how often the participants reported having seen the untrained association during both training and test. We refer to this as a source false memory, but it could also reflect a participant generating the F2-S2 association during encoding through reactivation, then later misattributing that internal experience to the training task. Other trial types were included to help differentiate integration-related source confusion (i.e., false memory for untrained associations being presented during the study) from overall poor source memory or response biases.




Design and Statistical Analyses

The primary independent variable of interest was a physical resemblance between pair-mate faces. There were two levels of physical resemblance (sharing a parent, not sharing a parent), and this was manipulated within subjects. We had two primary dependent variables of interest: acquired equivalence for untrained pairs measured during the acquired equivalence test and false memories for the source of untrained associations. For all analyses, a Greenhouse–Geisser correction was applied (denoted with “GG”) when the sphericity assumption was violated. A Bonferroni correction for multiple comparisons was applied when multiple independent statistical tests were computed, such as following up on a significant omnibus ANOVA with multiple pairwise comparisons.




Results
 
Training

Mean accuracies for each type of trained association are depicted in Figure 3. To test how resemblance between faces within a quadruplet affected acquisition of trained associations, we computed a 2 (pair-mate type: shared parent, no shared parent) × 3 (trained association type: F1-S1, F2-S1, and F1-S2) × 4 (training block: 1–4) repeated-measures ANOVA. There was a significant main effect of training block [F(3, 117) = 76.89, p < 0.001, [image: image] = 0.66] with an accompanying linear effect of training block [F(1, 39) = 164.22, p < 0.001, [image: image] = 0.81], which showed increasing accuracy with training. No other effects reached significance (all F′s <2, p′s > 0.07).


[image: Figure 3]
FIGURE 3. Experiment 1 training accuracy. Mean accuracy from each block of training separated by trained association type (F1-S1 solid lines, F2-S1 dotted lines, F1-S2 dashed lines) and pair-mate type (shared parent in dark gray, no shared parent in light gray). Error bars depict the standard error of the mean across subjects.




Acquired Equivalence Test

Figure 4A depicts results from the acquired equivalence test in terms of accuracy for trained associations (F1-S1, F2-S1, and F1-S2) and the proportion of trials showing acquired equivalence for untrained associations (F2-S2). For the ease of report of the ANOVA results, we will refer to the proportion of untrained associations on which a participant responded consistently with acquired equivalence as “accuracy,” but generalization of scene associations from one face to another is not inherently correct or incorrect in this paradigm. First, we tested whether rates of acquired equivalence differed significantly from chance (50% for two alternative forced choices) using one-sample t-tests for shared and no shared parent pair-mates separately. Rates of acquired equivalence were significantly higher than chance for pair-mates sharing a parent [M = 0.73, SD = 0.29; t(39) = 4.93, p < 0.001, d = 0.76; Bonferroni-corrected alpha-level: p < 0.025] but not for pair-mates without a shared parent [M = 0.44, SD = 0.28; t(39) = −1.46, p = 0.15, d = −0.23].


[image: Figure 4]
FIGURE 4. Results from the tests of acquired equivalence and source memory in Experiment 1. (A) Acquired equivalence test accuracy for trained associations (F1-S1, F2-S1, and F1-S2) and rates of acquired equivalence for untrained associations (F2-S2). (B) For the source memory test, the proportion of trials where the participants responded that they had seen the items together during both study and test. This was the correct response for the trained associations but constituted a false memory for the untrained associations, since they were presented only during the test. All results are depicted separately for quadruplets with faces sharing a parent (dark gray bars) and quadruplets with faces not sharing a parent (light gray bars). Stars indicate a significant paired difference, following a significant test item type × quadruplet type interaction effect (corrected alpha = 0.0125).


To test how resemblance between pair-mate faces affected the tendency to show acquired equivalence, we computed a 2 (pair-mate type: shared parent, no shared parent) × 4 (test item type: F1-S1, F2-S1, F1-S2, and F2-S2) repeated-measures ANOVA. There was a significant main effect of test item type [F(1.94, 75.67) = 55.52, p < 0.001, [image: image] = 0.59] with all trained associations having higher accuracy (F1-S1: M = 0.86, SD = 0.17; F2-S1: 0.84, SD = 0.13; F1-S2: 0.86, SD = 0.16) than untrained associations (F2-S2: M = 0.58, SD = 0.19; t′s > 8, p′s < 0.001; Bonferroni-corrected alpha level: p < 0.0083). Accuracy for the trained associations did not differ from one another (t′s <1, p′s > 0.3). There was also a significant main effect of pair-mate type [F(1, 39) = 5.32, p = 0.03, [image: image] = 0.12] with higher overall accuracy for shared parent pair-mates (M = 0.82, SD = 0.16) compared with those with no shared parent (M = 0.76, SD = 0.15). These main effects were qualified by a significant pair-mate type × test item type interaction [F(1.73, 67.57) = 14.13, p < 0.001, [image: image] = 0.27]. There was no difference between shared parent pair-mates and no shared parent pair-mates for any of the trained associations (t′s <1.1, p > 0.3), but participants showed higher rates of acquired equivalence when pair-mates shared a parent compared with when they did not [t(39) = 4.38, p < 0.001, d = 0.69; Bonferroni-corrected alpha level: p < 0.0125]. Thus, the participants learned all trained associations equally well, but were more likely to generalize across pairs of faces when they were more physically similar to one another.



Source Memory Test

Mean response rates for all source memory response options are presented in Table 1. Mean proportion of “both study and test” responses for each pair-mate and association type is presented in Figure 4B. To test whether the participants tended to falsely remember untrained pairs as having been presented during both the study and test phase, we computed a 2 (pair-mate type: shared parent, no shared parent) × 4 (test item type: F1-S1, F2-S1, F1-S2, F2-S2) repeated-measures ANOVA on the proportion of “both study and test” responses. There was a marginal main effect of pair-mate type [F(1, 39) = 3.93, p = 0.055, [image: image] = 0.09] with numerically higher rates of “both study and test” responses for pair-mates sharing a parent (M = 0.73, SD = 0.27) compared with those not sharing a parent (M = 0.68, SD = 0.28). There was a significant main effect of test item type [F(1.93, 75.27) = 15.25, p < 0.001, [image: image] = 0.27, GG] with lower rates of “both study and test” responses for untrained associations (F2-S2: M = 0.49, SD = 0.33) than for all of the trained association types (F1-S1: M = 0.77, SD = 0.34; F2-S1: M = 0.76, SD = 0.35; F1-S2: M = 0.78, SD = 0.3; all t′s > 4, p′s < 0.001). There was no difference between shared parent pair-mates and no shared parent pair-mates for any of the trained associations (t′s <1.1, p > 0.3), but the participants showed higher rates of source memory errors when pair-mates shared a parent compared with when they did not [t(39) = 4.38, p < 0.001, d = 0.69; Bonferroni-corrected alpha level: p < 0.0125]. There were no overall differences in source memory across the three types of trained associations (all t′s < 0.5, p′s > 0.6). Importantly, there was a significant pair-mate type × test item type interaction effect [F(3, 117) = 3.31, p = 0.02, [image: image] = 0.08]. Follow-up paired t-tests revealed no differences between shared and no shared parent pair-mates for the trained associations (all t′s <1.2, p′s > 0.25) but increased false memory for having seen the untrained test items (F2-S2) during both study and test when pair-mates shared a parent compared with when they did not [t(39) = 2.66, p = 0.01, d = 0.42; Bonferroni-corrected alpha level: p < 0.0125]. Thus, the physical resemblance between pair-mate faces led to increases in false memories of the source (observed instead of inferred) in addition to the increases in generalization.


Table 1. Experiment 1 source memory responses separated by pair-mate and trial type.
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Lastly, we tested whether the participants falsely remembered all new pairings on the source memory test as having been presented during both the study and test phase or if this effect was particular to the untrained inference pairs. To do so, we compared the rate of “both” responses for untrained associations to each type of recombined trial, separately for the shared parent pair-mates and no shared parent pair-mates. In all cases, the participants responded “both” to the untrained pairs at numerically higher rates than any type of recombined trial. All comparisons of untrained vs. recombined trials reached Bonferroni corrected threshold of p < 0.0083 (t′s > 4.7, p′s < 0.001), with the exception of untrained no shared parent condition compared with the recombined face condition [t(39) = 2.24, p = 0.03, d = 0.35] and untrained no shared parent condition compared with the recombined scene condition [t(39) = 2.75, p = 0.009, d = 0.43] that only reached an uncorrected threshold. Thus, the evidence generally points to false source memories being specific to the inference pairings.



Comparing Physical Resemblance Effects in Generalization and False Source Memories

The results showed that greater physical resemblance led to more acquired equivalence as well as more false memories for the source of learning for these associations. We then tested whether the sizes of the effect in generalization and source memory were similar or if one was larger than the other. If acquired equivalence was based mostly or entirely on integration at encoding, then we would expect the two effects to be of a similar size. However, if some acquired equivalence judgments were based on flexible retrieval, memory for the source of these associations might be maintained even in the face of successful generalization, making the effect of physical resemblance smaller in source memory judgments. To test this idea, we computed a 2 (test: acquired equivalence, source memory) × 2 (pair-mate type: shared parent, no shared parent) ANOVA on rates of generalization and false memory for the inference pairs (F2-S2) and were specifically interested in the interaction effect. The test × pair-mate type interaction effect was not significant [F(1, 39) = 1.28, p = 0.27, [image: image] = 0.03]. Thus, we did not see strong evidence for a differential effect of physical resemblance on generalization and false memory.




Discussion

In Experiment 1, we tested the hypothesis that greater physical resemblance between pair-mates in an acquired equivalence paradigm would lead to increased generalization across related faces. We also hypothesized that increases in generalization would be accompanied by increases in false memory for the source of generalized associations. The results confirmed both hypotheses. Rates of acquired equivalence were higher when pair-mate faces were blended with a shared parent compared with when pair-mate faces were blended without a shared parent. This difference in generalization for the shared vs. no-shared parent conditions arose despite comparably high performance for the associations presented during training. False memory rates were also higher for the shared parent pair-mates than the no shared parent pair-mates: the participants tended to erroneously believe that the untrained associations had been presented during both the training and test phases rather than in the test phase alone. This difference in source memory for the untrained associations emerged, while source memory for the trained associations did not differ for the shared and no shared parent pair-mates. Together, these findings provide initial evidence that physical resemblance may serve as a cue to reactivate prior experience while encoding related information, leading to integration of the related experiences to support generalization but potentially losing some contextual details.




EXPERIMENT 2

In Experiment 1, we manipulated physical resemblance in a binary manner: pair-mate faces either shared a parent or did not share a parent. Prior study has shown that the degree of similarity, not just its presence or absence, can be an important factor affecting memory fidelity (Turney and Dennis, 2017; Bowman et al., 2019). Graded similarity between items also affects the likelihood of inference across related events, although in a more all-or-none manner (Molitor et al., 2021). However, as these prior studies have not measured memory fidelity and inference across the same events, it is unclear whether graded vs. all-or-none effects of similarity were driven by differences in task parameters across studies or a true divergence across these types of memory judgments. In Experiment 2, we tested how rates of acquired equivalence and false memory for the source of inferred associations varied across levels of pair-mate resemblance that varied parametrically. We constructed pair-mate faces that all shared a parent face but differed in the degree to which the shared parent influenced the final blend (Figure 2B). As in Experiment 1, we tested how likely the participants were to treat the pair-mate faces as equivalent and how often the participants falsely remembered encountering inferred associations during training.


Materials and Method
 
Participants

Thirty-eight participants from the University of Oregon completed the experiment for course credit. One participant was excluded because of incomplete data, leaving 37 participants reported in all analyses (26 females, mean age = 19.24 years, SD age = 2.41 years, age range = 18–28 years). This sample size was within the range of prior acquired equivalence studies collected in the laboratory (de Araujo Sanchez and Zeithamova, 2020) and was selected, because it would be well-powered to detect a moderate effect size (d = 0.5). We did not have prior data to estimate an effect size across a physical similarity gradient, but data from Experiment 1 suggested that comparisons between individual blend levels (i.e., 50 and 1%) would likely be within this range. All the participants completed written informed consent, and the Institutional Review Board of the University of Oregon approved all procedures.



Materials

Blended faces were combined with nature scenes and city scenes to create four quadruplets in a manner similar to Experiment 1. However, rather than having pair-mate faces either share a parent face or not, all pair-mate faces shared a parent face. The pair-mates differed in the level at which the shared parent face was blended: pair-mates with the least overlap between Face 1 and Face 2 had a shared parent blended at 1%, followed by pair-mates with a shared parent blended at 25%, followed by pair-mates with a shared parent blended at 50%, and lastly the pair-mates with the most overlap between Face 1 and Face 2 had a shared parent blended at 75% (Figure 2B). Each blend level was applied to one quadruplet in the set. Besides the difference in the blend procedure, stimulus generation was the same as in Experiment 1 with the exception that there were 20 possible unaltered faces to choose from based on the creation of additional face blends in the time between experiments.



Procedure

The overall procedure followed that of Experiment 1 with the addition of a recognition test following the source memory test. Deviations from the Experiment 1 procedure are noted below.


Initial Exposure

Rather than being shown in a fixed order, stimulus order was randomized with the constraint that no face was shown twice in a row.



Training

The participants underwent six blocks of training, each containing 24 trials for a total of 144 training trials. In each block, the participants saw each of the three trained associations from each of the four quadruplets twice in a random order. The question cues were indicated by “Vacation?” or “Live?” displayed at the top of the screen, and the feedback for trials in which the participants did not respond within the 3 s allotted was changed to “Sorry, too slow!”



Acquired Equivalence Test

The acquired equivalence test was as in Experiment 1, except that the question cues at the top of the screen were “Vacation?” and “Live?” as in the training phase of this experiment.



Source Memory Test

The source memory test for the trained and untrained associations was as in Experiment 1 with the exception that these associations were tested twice to obtain stable source memory estimates. Differing from Experiment 1, we revised the “recombined scene” condition to match the scene options to be both city or both nature scenes. For recombined conditions, a coding error resulted in some trials being the same as the F2-S2 trials. These trials were excluded from all analyses. Altogether, there were 40 trials in the source memory test.



Face Recognition Test

In addition to the acquired equivalence and source memory tests that were of primary interest, we also included a face recognition test. However, it was aimed at testing the discriminability of a face at its different blend levels (e.g., 50 vs. 75%), which was not relevant for the current goals. We, thus, do not discuss this recognition test further.




Design and Statistical Analysis

The design and analytical approach were as in Experiment 1 except that there were four levels of physical resemblance rather than two.




Results
 
Training

Mean accuracies for each type of trained association are presented in Table 2. To test how resemblance between pair-mate faces affected learning, we computed a 4 (shared parent blend level: 1, 25, 50, and 75%) × 3 (trained association type: F1-S1, F2-S1, and F1-S2) × 6 (training block: 1–6) repeated-measures ANOVA. There was a significant main effect of training block [F(2.31, 82.97) = 39.75, p < 0.001, [image: image] = 0.53, GG] accompanied by a significant linear effect [F(1, 36) = 70.88, p < 0.001, [image: image] = 0.66] showing increasing accuracy across training. There was also a significant main effect of trained association type [F(2, 72) = 4.38, p = 0.02, [image: image] = 0.11]. Overall learning was significantly better for F2-S1 pairs (M = 0.75, SD = 0.16) compared with F1-S2 pairs [M = 0.69, SD = 0.16; t(36) = 2.68, p = 0.011, d = 0.44; Bonferroni-corrected alpha level: p < 0.016]. No other difference passed the corrected alpha level (t′s <2.2, p′s > 0.04). There was also a significant main effect of pair-mate blend level [F(3, 108) = 3.27, p = 0.02, [image: image] = 0.08]. Overall, accuracy was numerically poorest for 25% shared parent pair-mates (M = 0.7, SD = 0.17), followed by those with 50% shared parent (M = 0.71, SD = 0.17), then those with 1% shared parent (M = 0.74, SD = 0.17), and those with 75% shared parent had the highest overall accuracy (M = 0.77, SD = 0.17). However, only the difference between 75 and 25% blends reached significance [t(36) = 3.09, p = 0.004, d = 0.51; all other t′s <2.4, p′s > 0.01; Bonferroni-corrected alpha level: p < 0.0083]. No interaction effect reached significance (all F′s <1.8, p′s > 0.1).


Table 2. Experiment 2 training accuracy separated by block, shared parent blend level, and trained association type.
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Acquired Equivalence

Figure 5A depicts results from the acquired equivalence test in terms of accuracy for trained associations (F1-S1, F2-S1, and F1-S2) and the proportion of trials showing acquired equivalence for untrained associations (F2-S2). First, we tested whether rates of acquired equivalence differed significantly from chance using a one-sample t-test at each blend level. Results revealed that rates of acquired equivalence differed from chance for pair-mates blended at 75 and 50% (both t′s > 4, p′s < 0.001; Bonferroni-corrected alpha-level: p < 0.0125) but not those blended at 25 or 1% (both t′s <1.1, p′s > 0.31).
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FIGURE 5. Results from the tests of acquired equivalence and source memory in Experiment 2. (A) Acquired equivalence test accuracy for trained associations (F1S1, F2S1, and F1S2) and rates of acquired equivalence for untrained associations (F2S2). (B) For the source memory test, the proportion of trials where the participants responded that they had seen the items together during both study and test. This was the correct response for the trained associations but constituted a false memory for the untrained associations, since they were presented only during the test. All results are depicted separately for pair-mates at each blend level. Stars indicate a significant paired difference, following a significant test item type × shared parent blend level interaction effect (alpha = 0.0083).


To test how resemblance between pair-mate faces affected the tendency to show acquired equivalence, we computed a 4 (shared parent blend level: 1, 25, 50, and 75%) × 4 (test item type: F1-S1, F2-S1, F1-S2, and F2-S2) repeated-measures ANOVA. There was a significant main effect of test item type [F(2.14, 77.08) = 33.9, p < 0.001, [image: image] = 0.49, GG], with F2-S1 pairs having the highest numeric accuracy (M = 0.88, SD = 0.19), followed by F1-S1 pairs (M = 0.85, SD = 0.21), and F1-S2 pairs (M = 0.82, SD = 0.23), and with F2-S2 pairs showing the lowest accuracy (M = 0.65, SD = 0.21). Accuracy for all types of trained associations was significantly higher than for untrained associations (all t′s > 5, p′s < 0.001; Bonferroni-corrected alpha level: p < 0.0083). Differences between the trained associations did not pass correction for multiple comparisons (t′s <2.8, p′s > 0.009). There was also a significant main effect of shared parent blend level [F(3, 108) = 3.58, p = 0.02, [image: image] = 0.09]. Overall accuracy was highest for pair-mates with a shared parent blended at 75% (M = 0.85, SD = 0.24), followed by those blended at 50% (M = 0.81, SD = 0.21), those blended at 1% (M = 0.79, SD = 0.2), and lastly those blended at 25% (M = 0.76, SD = 0.21). Those blended at 75% differed significantly from those blended at 25% [t(36) = 3.75, p = 0.001, d = 0.62; Bonferroni-corrected alpha level: p < 0.0083]. No other pairwise comparisons passed a correction for multiple comparisons (all t′s <2.2, p′s > 0.03).

Lastly, there was a significant test item type × blend level interaction effect [F(5.85, 210.75) = 3.9, p = 0.001, [image: image] = 0.1, GG]. To determine the nature of this interaction, we computed a separate one-way ANOVA for each test item type, testing for an effect of the blend level. Accuracy for the trained associations did not differ significantly based on the percentage of the shared parent making up the faces (all F′s <2, p′s > 0.2), but the blend level did affect rates of acquired equivalence for the untrained associations (i.e., F2-S2 pairs) [F(3, 108) = 6.73, p < 0.001, [image: image] = 0.16; Bonferroni-corrected alpha level: p < 0.0125]. Rates of acquired equivalence were highest for pair-mates with the shared parent blended at 75% (M = 0.8, SD = 0.3), followed by those blended at 50% (M = 0.73, SD = 0.34), those blended at 1% (M = 0.56, SD = 0.38), and lastly those blended at 25% (M = 0.52, SD = 0.34). Rates of acquired equivalence for the two highest blend levels (75 and 50%) differed significantly from the two lowest blend levels (1 and 25%; all t′s > 3, p′s < 0.003; Bonferroni-corrected alpha level: p < 0.0083) but did not differ significantly from one another [t(36) = 1.31, p = 0.2, d = 0.22]. Rates of acquired equivalence for the two lowest blend levels likewise did not differ significantly from one another [t(36) = −0.56, p = 0.58, d = 0.09]. Thus, the similarity of items across related trials affected generalization but not memory for trained associations. Despite the apparent discontinuity in rates of generalization across blend levels, only the linear effect of blend level reached significance [F(1, 36) = 13.43, p = 0.001, [image: image] = 0.27]. Neither the quadratic effect [F(1, 36) = 1.48, p = 0.23, [image: image] = 0.04] nor the cubic effect reached significance [F(1, 36) = 3.15, p = 0.08, [image: image] = 0.08].



Source Memory Test

Mean response rates for all source memory response options are presented in Table 3. Mean proportion of “both study and test” responses for each pair and quadruplet type are presented in Figure 5B. To test whether the participants tended to falsely remember untrained pairs as having been presented during both the study and test phase, we computed a 4 (shared parent blend level: 1, 25, 50, and 75%) × 4 (test item type: F1-S1, F2-S1, F1-S2, and F2-S2) repeated-measures ANOVA on the proportion of “both study and test” responses. There was a significant main effect of test item type [F(3, 108) = 33.8, p < 0.001, [image: image] = 0.09], with higher rates of “both study and test” responses for trained associations (F1-S1 M = 0.81, SD = 0.21; F2-S1 M = 0.83, SD = 0.19; F1-S2 M = 0.78, SD = 0.23) compared with untrained associations (F2-S2 M = 0.52, SD = 0.21; all t′s > 6, p′s < 0.001; Bonferroni-corrected alpha level: p < 0.0083). No differences between trained associations reached significance (all t′s <1.95, p′s > 0.06). There was also a significant main effect of shared parent blend level [F(3, 108) = 5.03, p = 0.003, [image: image] = 0.12]. Numerically, items with the parent face blended at 75% were most likely to be judged as having been presented during both study and test (M = 0.83, SD = 0.24), followed by those blended at 1% (M = 0.73, SD = 0.23), those blended at 25% (M = 0.69, SD = 0.21), and lastly those blended at 50% (M = 0.69, SD = 0.25). Rates of “both” responses were significantly higher for 75% blends compared with 50% blends and 25% blends (both t′s > 2.9, p′s = 0.005; Bonferroni-corrected alpha level: p < 0.0083), and no other difference between blend levels passed the corrected alpha level (all t′s <2.5, p′s > 0.02).


Table 3. Experiment 2 source memory responses separated by shared parent blend level and trial type.
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Lastly, there was a significant test item type × blend level interaction effect [F(9, 324) = 2.49, p = 0.009, [image: image] = 0.07]. To understand the nature of this interaction, we computed a separate one-way ANOVA for each test item type, looking for an effect of blend level on rates of “both” responses. The effect of blend level did not reach significance for any of the trained association types (all F′s <2, p′s > 0.12), but there was a significant effect of blend level for the untrained association [F(3, 108) = 7.59, p < 0.001, [image: image] = 0.17; Bonferroni-corrected alpha level: p < 0.0125]. The participants were most likely to falsely remember having seen the untrained associations during the study when they were blended at 75% shared parent (M = 0.76, SD = 0.33), and this false memory rate was higher than for all the other blend levels (50% M = 0.53, SD = 0.41; 25% = 0.39, SD = 0.38; 1% M = 0.42, SD = 0.4; all t′s > 2.9, p′s < 0.007; Bonferroni-corrected alpha level: p < 0.0083). There were no significant differences among the remaining blend levels (all t′s <1.7, p′s > 0.1). Thus, the similarity between pair-mate faces did not affect source memory for the trained associations, but the highest level of similarity led the participants to falsely remember having seen the untrained association during the study.



Comparing Physical Resemblance Effects in Generalization and False Source Memories

As in Experiment 1, we were interested in whether the effect of physical resemblance was of a similar magnitude in acquired equivalence and source false memories. Qualitatively, the pattern in Experiment 2 was different for 50% blends than it was in Experiment 1 shared parent condition as increased generalization in that condition was not accompanied by increased false memory when compared with the low similarity condition. To test for potential differential effects of similarity on the two measures formally, we computed a test (acquired equivalence, source memory) × shared parent blend level (1, 25, 50, and 75%) ANOVA on rates of generalization and false memory for inference pairs (F2-S2). As in Experiment 1, the interaction effect was not significant [F(3, 108) = 0.88, p = 0.46, [image: image] = 0.02]. Thus, physical resemblance had a similar effect on generalization and source memory when all blend levels were considered.




Discussion

In Experiment 2, we tested whether parametrically increasing similarity across pair-mates in an acquired equivalence paradigm would lead to corresponding increases in rates of generalization and false memories for the source of inferred associations. We reasoned that resemblance can serve as a cue to reactivate prior experiences, leading to their integration. Integration across related episodes could then facilitate generalization but could lead the participants to confuse the source of inferred associations. The results were mostly but not fully consistent with this idea. Consistent with the hypothesis and with Experiment 1, we found that higher degrees of pair-mate resemblance were associated with higher rates of acquired equivalence as well as a greater tendency to falsely remember having seen untrained associations during the training phase. The effect of similarity level on generalization and false memory emerged for the untrained associations despite similarly high performance across different levels of pair-mate similarity for the trained associations. However, unlike in Experiment 1, we did not find increased source memory confusion in the 50% blend condition compared with the 1% blend condition, even though we found the levels of generalization in that condition were well above chance and significantly higher than in the 1% blend condition. Thus, whether similarity level affects generalization and source memory equally was somewhat inconclusive in Experiment 2. Finally, we noted that in the 75% blend condition, the participants endorsed untrained F2-S2 pairs as being seen at both study and test to a high level that was approaching the rate of endorsing the actually studied F1-S2 pairs (proportion of 0.78 vs. 0.84). Thus, we wanted to test an alternative explanation of the results from the 75% blend condition: that the participants simply could not tell pair-mate faces apart at the higher levels of physical resemblance. If this was the case, it might appear that the participants were actively generalizing across the two faces when, in fact, they simply did not notice that there were two faces rather than only one. We, thus, ran a follow-up experiment to determine the degree to which pair-mate faces at each level of resemblance were distinguishable from one another as well as gather additional data to further test whether the effect of similarity on generalization and source memory confusion go hand in hand.




EXPERIMENT 3

Experiment 3 followed the overall design of Experiment 2 except that we included a face recognition test that immediately followed the training phase. After the recognition test, the participants completed the acquired equivalence test and the source memory test as in prior experiments. The recognition test included the old training faces as well as lures that were blends of the shared parent faces from training with new parent faces that were not used to generate the training sets (see Figure 6). We tested recognition prior to acquired equivalence and source memory, so that we would have the best possible measure of the ability to discriminate faces during learning, as there is evidence that generalization itself can reduce subsequent memory specificity (Carpenter and Schacter, 2017, 2018). However, this design feature makes the acquired equivalence and source memory data less comparable with Experiment 2 since performing a recognition task could also affect these other types of memory judgments. Nonetheless, it served the primary goals of measuring the discriminability of pair-mate faces at each blend level, as well as testing the common or differential effects of similarity level on generalization and source memory.
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FIGURE 6. Example recognition stimuli for Experiment 3. Faces in the first two columns represent an example pairmate from the training phase, which served as old faces during the recognition test. The second column represents an example new (lure) face. Each row shows the example pairmate at corresponding lure at a different blend level with the lure always matching the blend level of the associated pairmate. During the experiment, each pairmate and lure would be shown at one blend level. All the faces depicted come from the Dallas Face Database (Minear and Park, 2004).



Materials and Method
 
Participants

Prior to data collection, the sample size was determined based on the effect of blend level on generalization from Experiment 2 ([image: image] = 0.16), which was the smallest of all observed effect sizes for the main effects of interest (similarity level effects on generalization and source memory) across Experiments 1 and 2. Using the repeated measures ANOVA protocol from GPower (Faul et al., 2007), we determined that N = 33 was a sufficient sample to obtain 80% power for an effect of this size. We recruited subjects from the University of Oregon who completed the experiment online for course credit. A total of 37 participants were recruited in order to have 33 subjects retained in all analyses. Four subjects were excluded and replaced because of poor learning during the training phase (<60% overall accuracy in the last block of training). Demographic data for six participants were lost because of experimenter error, leaving reportable demographics for 27 participants (13 females, mean age = 20.2 years, SD age = 3.1 years, age range = 18–34 years). Although demographics were missing for some subjects, we retained those subjects for the experimental task, leaving data from 33 subjects reported in all analyses. All the participants were provided with the consent information and asked to affirm it with a button press. The Institutional Review Board of the University of Oregon approved all procedures.



Materials

The stimulus sets were constructed as in Experiment 2 with the exception that, rather than creating a new randomization of parent faces and scene assignment for each participant, three randomized sets were created and counterbalanced across the participants.



Procedure

Data for Experiment 3 were collected online through pavlovia.org. The overall procedure followed that of Experiment 2 except that the recognition test followed immediately after training rather than following the source memory test. This change ensured that any effects of blend level on recognition were not due to demand-driven integration during the generalization test (Carpenter and Schacter, 2017, 2018). While there were just three possible stimulus sets that were counterbalanced across the participants, the presentation order within each phase was randomized for each participant. Deviations from the Experiment 2 procedure for specific tasks are noted below.


Initial Exposure

Faces were shown in a random order for each of the three repetitions. It was possible for a face to be shown twice in a row only if a given face was the last one shown in one repetition and the first one shown in the following repetition.



Training

The question cues were indicated as in Experiment 1: “Where does he live?” or “Where does he vacation?”. The feedback for trials in which the participants did not respond within the 3 s allotted was “Too slow.”



Face Recognition Test

Immediately following training, the participants completed an old/new face recognition test. Figure 6 depicts an example face recognition set. The old faces were the eight ones presented during the training phase—two pair-mate faces at each blend level. We generated lure faces by taking the eight unblended parent faces that remained after generating the training set and assigning each of them to be blended with the shared parent face of one set of pair-mates. This led to two lures at each blend level for a total of eight new items at recognition. The new unblended faces were blended with the shared parent face at the same blend level as the original pair-mates. For example, the lures for the pair-mates blended with 1% shared parent were the new unblended faces blended with the shared parent also at 1%. This allowed us to test whether the participants could distinguish between faces made up of a given shared parent at the blend level experienced during training. If they were able do so for new lures, then they were likely able to distinguish between the two pair-mate faces from the training set as well.

Each face was presented once during the recognition phase. Each face was presented for 3 s during which time the participants could make their old/new response. This timing matched the length of face presentation and response time from the training phase. Each face was followed by a 1-s fixation cross.



Acquired Equivalence Test

The acquired equivalence test was as in Experiment 2, except that the question cues at the top of the screen were as in the training phase of this experiment.



Source Memory Test

The source memory test was as in Experiment 2 with two exceptions. First, associations were tested only once. Second, the recombined face condition consisted of two scenes that had been together as alternative choices but with a different face. This condition was always distinct from the F2-S2 condition. The recombined scene condition consisted of a face with its target scene but with a new distractor. The distractor always came from the same category (city scene, nature scene) as the target.




Design and Statistical Analysis

The design and analytical approach were as in Experiment 2, except that there was an additional dependent variable of interest: recognition scores that indicated the ability to distinguish training faces from new faces using the same shared parent face at the same blend level.




Results
 
Training

Mean accuracies for each type of trained association are presented in Table 4. Consistent with Experiments 1 and 2, there was a significant main effect of training block [F(3.1, 99.1) = 54.85, p < 0.001, [image: image] = 0.63, GG] accompanied by a significant linear effect [F(1, 32) = 214.52, p < 0.001, [image: image] = 0.87] showing increasing accuracy across training. Neither the main effect of trained association type nor the main effect of blend level was significant (both F′s <1.4, p′s > 0.27). There was, however, a significant trained association type × blend level interaction effect [F(6, 192) = 3.16, p = 0.006, [image: image] = 0.09]. To better understand the nature of this interaction, we computed separate one-way ANOVAs for each type of trained association collapsed across training blocks, testing whether there was an overall effect of the blend level for each. The effect of blend level was only significant for F1-S2 pairs [F(3, 96) = 4.61, p = 0.005, [image: image] = 0.13; other F′s <1.9, p′s > 0.14]. Training accuracy for the pair-mates blended with 75% shared parent was poorer than all the other pairs (t′s > 3, p′s < 0.005), although the difference from the 1% blend level did not pass a correction for multiple comparisons [t(32) = 2.56, p = 0.016, d = 0.26; Bonferroni corrected alpha level: p < 0.0083]. No other pairwise difference was significant (all t′s < 0.5, p′s > 0.7). Thus, blend level did not strongly affect learning for F1-S1 or F2-S1 associations, but there was some evidence of poorer learning for F1-S2 associations when there was a 75% shared parent. No other interaction effect reached significance (all F′s <1.5, p′s > 0.06).


Table 4. Experiment 3 training accuracy separated by block, shared parent blend level, and trained association type.
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Face Recognition

Hit and false alarm rates separated by blend level are presented in Figure 7A. Face recognition scores were calculated as the corrected hit rate (hit rate—false alarm rate) separately for each blend level. We first tested whether the participants were able to discriminate old faces from lure faces at above-chance levels for each of the four blend levels. One-sample t-tests comparing corrected hit rates with zero (i.e., no old/new discrimination) showed above-chance performance for 1, 25, and 50% blends (all t′s > 14, p′s < 0.001; Bonferroni corrected alpha level: p < 0.0125), with all of these conditions showing hit rates above 85% and false alarm rates below 10%. In contrast, corrected hit rates for the 75% blends were not different from chance [t(32) = 0.44, p = 0.66, d = 1.33], driven by a false alarm rate of over 90%. Comparing the corrected hit rates with a one-way, repeated measures ANOVA, we found a significant effect of blend level [F(1.9, 60.3) = 140.51, p < 0.001, [image: image] = 0.82]. This overall effect was qualified by significant linear [F(1, 32) = 642.22, p < 0.001, [image: image] = 0.95], quadratic [F(1, 32) = 52.63, p < 0.001, [image: image] = 0.62], and cubic effects [F(1, 32) = 22.01, p < 0.001, [image: image] = 0.41]. Pairwise comparisons revealed significantly poorer recognition scores for 75% blends compared with all others (all t′s > 11, p′s < 0.001). Recognition scores for 50% blends were poorer than those for 1% blends [t(32) = 2.39, p = 0.023, d = 0.37] and 25% blends [t(32) = 2.51, p = 0.017, d = 0.25], but these differences did not pass a correction for multiple comparisons (Bonferroni corrected alpha level: p < 0.0083).


[image: Figure 7]
FIGURE 7. Results from face recognition, acquired equivalence, and source memory tests in Experiment 3. (A) Hit and false alarm rates from the face recognition test. (B) Acquired equivalence test accuracy for trained associations (F1S1, F2S1, and F1S2) and rates of acquired equivalence for untrained associations (F2S2). (C) For the source memory test, the proportion of trials where the participants responded that they had seen the items together during both study and test. This was the correct response for the trained associations but constituted a false memory for the untrained associations, since they were presented only during the test. All results are depicted separately for pair-mates at each blend level. Error bars represent the standard error of the mean across subjects.


To summarize, we see clear evidence that the participants were not able to discriminate between faces at the highest degree of physical similarity at 75% blend level. This indicates that the high generalization and high false memory found in Experiment 2 for 75% blends was likely driven by a failure to discriminate between pair-mate faces, simply confusing Face 2 for Face 1. For the rest of this report, we will report results from all the four blend levels in tables and figures for completeness, but we will not consider the 75% blend condition in further analyses. Importantly, we also see clear evidence that the participants were able to distinguish between faces at the other three of the blend levels, 1, 25, and 50%. Thus, increased generalization between pair-mates at 50% blend level observed in Experiments 1 and 2 was unlikely driven by a lack of discrimination between them.



Acquired Equivalence

Figure 7B presents rates results from the acquired equivalence test in terms of accuracy for trained associations (F1-S1, F2-S1, and F1-S2) and the proportion of trials showing acquired equivalence for untrained associations (F2-S2). First, we tested whether rates of acquired equivalence differed significantly from chance (0.5) using a one-sample t-test at each blend level. Results revealed that rates of acquired equivalence were significantly higher than chance for pair-mates blended at 1 and 50% (all t′s >3.5, p′s < 0.002; Bonferroni-corrected alpha level: p < 0.0167). Those blended at 25% showed significantly below chance acquired equivalence [t(32) = −3.46, p = 0.002, d = 0.36]. In other words, the participants were more likely to select a scene for Face 2 that was not associated with their pair-mate when the pair-mate was at 25% shared level of similarity.

Comparing across association types and blend levels, there was a significant main effect of association type [F(2.5, 79.7) = 44.43, p < 0.001, [image: image] = 0.58, GG]. Rates of acquired equivalence for the F2-S2 pairs were lower than rates of correct associative memory for all the trained pairs (all t′s >7.1, p′s < 0.001; Bonferroni-corrected alpha level: p < 0.0083). Pairwise differences among trained associations (F1-S1, F2-S1, and F1-S2) did not reach significance following correction for multiple comparisons (all t′s <2.5, p′s > 0.02). There was also a main effect of blend level [F(2, 64) = 9.94, p < 0.001, [image: image] = 0.24]. Scores were lower for pair-mates blended with 25% shared parent compared with all other blend levels (both t′s > 3.7, p′s < 0.002; Bonferroni-corrected alpha level: p < 0.0167). The difference between 1 and 50% blends was not significant [t(32) = 0.41, p = 0.68, d = 0.2].

Critically, we found a significant association type × blend level interaction effect [F(3.6, 114) = 19.15, p < 0.001, [image: image] = 0.37, GG]. To understand the nature of this interaction, we computed separate one-way ANOVAs for each association type, looking for an effect of blend level. The effect of blend level was not significant for any of the trained associations following a correction for multiple comparisons (all F′s <3.4, p′s > 0.04; Bonferroni-corrected alpha level: p < 0.0125). There was, however, a significant effect of blend level in acquired equivalence (i.e., F2-S2 pairs) [F(1.8, 57.2) = 28.23, p < 0.001,[image: image] = 0.47, GG]. Rates of acquired equivalence were higher for 50% blends compared with 1% blends [t(32) = 2.55, p = 0.016, d = 0.37; Bonferroni-corrected alpha level: p < 0.0167] and 25% blends [t(32) = 6.7, p < 0.001, d = 0.5]. Rates of acquired equivalence were also higher for 1% blends compared with 25% blends [t(32) = 4.85, p < 0.001, d = 0.49]. The low rates of acquired equivalence for 25% blends was unexpected and not seen in Experiment 2. The exact reason for the low generalization in this condition are not immediately clear. Nonetheless, we replicate the key finding from Experiment 2 that rates of acquired equivalence are highest for 50% compared with the lower 1 and 25% blend levels.

Another way to think about the association type × blend level interaction is to ask whether rates of acquired equivalence matched accuracy rates for trained associations at each blend level. We know that, overall, rates of acquired equivalence were lower than rates of memory for trained associations, but is that true across levels of physical resemblance? Comparing across association types for each blend level, we find lower rates of acquired equivalence compared with trained accuracy for 1% blends and 25% blends (both F′s > 11.4, p′s < 0.001). However, there was no effect of association type for the 50% blends [F(2.5, 80.4) = 0.16, p = 0.89, [image: image] = 0.005, GG], indicating that the participants chose the acquired equivalence response for untrained pairs to a comparable degree as they remembered the trained associations. This further demonstrates the very robust generalization for the 50% blends.

Lastly, we compared rates of acquired equivalence to rates of false face recognition across blend levels, testing the degree to which differences in generalization track differences in false recognition of faces. We were interested specifically in the test × blend level interaction effect, which was significant [F(2, 64) = 22.25, p < 0.001, [image: image] = 0.41]. This pattern was driven by rates of acquired equivalence that increased from 25 to 1 to 50% blends (see stats above), whereas mean false alarm rates for lure faces were the same for 1 and 25% blends (M = 1.5%, SD = 8.7%) and only slightly higher for 50% blends (M = 7.6%, SD = 22%). Thus, the patterns in generalization and false recognition of faces did not mirror one another.



Source Memory

Mean response rates for all source memory response options are presented in Table 5. Mean proportion of “both study and test” responses for each test item type and each blend level is presented in Figure 7C. Comparing rates of “both” responses across test item types (F1-S1, F2-S1, F1-S2, and F2-S2), and blend levels (1, 25, and 50%) using repeated measures ANOVA, there was a significant main effect of test item type [F(2.2, 69.5) = 21.03, p < 0.001, [image: image] = 0.4, GG]. Rates of “both study and test” responses were higher for all trained associations (for which it was the correct response) compared with untrained associations (all t′s > 5, p′s < 0.001; Bonferroni-corrected alpha level: p < 0.0083) when collapsed across blend levels. Pairwise differences among trained associations were not significant (all t′s <1.2, p′s > 0.2). The main effect of blend level was not significant [F(1.6, 51.7) = 2, p = 0.14, [image: image] = 0.06, GG]. The test item type × blend level interaction was also not significant [F(4, 129.5) = 2.15, p = 0.078, [image: image] = 0.06]. Although this interaction was significant in Experiment 2, it was driven by higher rates of source errors for 75% blends compared with all others. Ignoring that condition in which the faces were not discriminable from one another in memory, Experiments 2–3 show little effect of the blend level on source memory judgments.


Table 5. Experiment 3 source memory responses separated by shared parent blend level and trial type.
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Comparing Physical Resemblance Effects in Generalization and False Source Memories

As in Experiments 1–2, we compared blend level effects for generalization and source memory to determine the degree to which physical resemblance had a similar or different effect in generalization and source memory. As in prior experiments, the test × blend level interaction effect was not significant [F(2, 64) = 1.46, p = 0.24,[image: image] = 0.04]. Thus, although there was a significant effect of blend level on generalization but not source memory errors, the overall patterns did not differ reliably across tests.




Discussion

The aim of Experiment 3 was to test whether the effect of physical resemblance on generalization and source memory could be explained by the poor discriminability of pair-mate faces at higher blend levels. Poor discriminability was clear for 75% blends, which were not reliably discriminable from one another in memory. Thus, source memory and generalization results for this condition were likely driven purely by the confusability of the pair-mate faces. In contrast, we replicated high rates of generalization for 50% blends while demonstrating that faces blended at 50% shared parent retained good discriminability. Interestingly, generalization rates for 50% blends in Experiment 3 were comparable with memory for trained relationships in this condition (86% generalization vs. 87% trained accuracy). Furthermore, the results indicate that increased similarity does not have to lead to source memory confusion, at least not at the 50% blend level where discriminability is maintained. Overall, results from Experiment 3 bolster the idea that physical resemblance between related experiences can foster generalization. The results also indicate that better generalization is not always associated with tradeoffs in terms of increased false memories.




GENERAL DISCUSSION

In this study, we manipulated the degree of resemblance between items constituting related experiences and tested both the tendency to generalize across those experiences and the specificity of memory for separate experiences. We predicted that higher degrees of overlap would make it more likely that the participants would reactivate the prior related episode when encountering new, related information and, therefore, increase the likelihood that representations of those episodes would become integrated. As a signature of memory integration, we expected higher rates of generalization accompanied by a source memory confusion, such as mistaking the inferred information for a directly observed one. We found partial support for this hypothesis. Rates of generalization (acquired equivalence) were higher when there was more physical resemblance across related episodes, suggesting that physical resemblance helped the participants make links across experiences. However, results were somewhat equivocal as to whether the same pattern was present for source memory errors once the discriminability of pair-mate faces was taken into account.

Across three experiments, we showed that higher levels of physical resemblance across episodes are associated with higher subsequent generalization across those episodes. This effect was present even when discarding the 75% blends that Experiment 3 indicated were not discriminable from one another. In fact, the 50% blends showed comparable levels of generalization with the 75% blends without the issue of poor discriminability. That is, participants generalized across the 50% blends at a rate similar to the condition where the participants could not even tell the pair-mate faces apart. Further, rates of generalization for 50% blends in Experiment 3 were comparable with memory for their respective trained associations, indicating that the participants generalized as well as could be expected given their memory for the premises. Together, these findings provide strong evidence that physical resemblance can help individuals make connections between related experiences, even when similar items are clearly discriminable from one another.

Prior studies of acquired equivalence have typically used stimuli without systematic resemblance between related experiences, akin to the no-shared and 1% conditions. Some of these studies have, nonetheless, found robust generalization (Edwards et al., 1982; Shohamy and Wagner, 2008; Meeter et al., 2009), while other studies found rates of generalization that were above chance but relatively low (Duncan et al., 2012; de Araujo Sanchez and Zeithamova, 2020). For instance, a study from our laboratory has previously shown in a large sample (N = 190) that rates of acquired equivalence can be quite modest: around 55% (when chance is 50%), with many subjects not showing any hint of generalization (de Araujo Sanchez and Zeithamova, 2020). Interestingly, we rarely saw above-chance rates of acquired equivalence at lower similarity levels (for the no-shared parent blends, 1% blends, or 25% blends), with the only exception being the 1% blend condition in Experiment 3. One possible explanation for lower generalization rates in conditions with low resemblance is that there may be generalization tradeoffs across quadruplets. If making connections between related experiences is cognitively demanding, then the participants may have been selective about when they made such links. In this way, physical resemblance may have served as a cue as to which experiences to link, promoting generalization for some pairs but inhibiting generalization for others. Future studies could manipulate pair-mate similarity between subjects to test whether the effect of physical resemblance is driven in whole or in part by the contrast between high and low resemblance within the same set.

Across the experiments, we found that generalization rates were consistently higher for the 50%/shared parent blends than the 1%/no shared parent blends. However, we did not find that rates of generalization for the 25% blends were intermediate between the 1 and 50% blends. Instead, generalization rates for the 25% blends were either comparable with the rate for the 1% blends (Experiment 2) or significantly lower than the 1% blends (Experiment 3). Matched generalization rates for 1 and 25% blends can be explained by the 25% blend level not generating a level of similarity that the participants could detect, like a mirror of the lack of discriminability we found between faces at the 75% blend level. However, the lower generalization rates for 25% blends compared with 1% blends were unexpected and more difficult to explain. Future studies will be needed to determine if this was simply due to sampling error or whether it is a real, replicable pattern, perhaps reflecting some form of pattern separation or repulsion effect (Chanales et al., 2017).

While we found that physical resemblance led to increases in generalization, research on reducing memory interference often shows that representations of highly similar items are orthogonalized to make them discriminable from one another (for reviews see Colgin et al., 2008; Yassa and Stark, 2011; Leal and Yassa, 2018). For example, Favila et al. (2016) showed that hippocampal representations for two highly similar scene images became more dissimilar from one another when paired with a common face, presumably to aid in discriminating between the scenes despite their shared perceptual details and shared association. The degree of integration vs. separation is driven to some extent by whether learning demands emphasize commonalities across related items or discrimination between them (Ashby et al., 2020; Chanales et al., 2020). During acquired equivalence learning in this study, instructions did not explicitly emphasize either discrimination between similar faces or generalization across them, and the participants were not aware of upcoming generalization or source memory tests. Under these conditions, it seems that the participants defaulted to linking across similar experiences in service of generalization.

While the data support the role of physical resemblance in promoting generalization, the support for the proposed mechanism—that similarity increases reactivation of related memories and leads to integration across the related experiences—is less clear. Prior studies of episodic inference, such as those using the acquired equivalence paradigm, have often focused on the role of memory integration in supporting generalization (Shohamy and Wagner, 2008; Zeithamova et al., 2012a; Schlichting et al., 2015). Such studies have shown that integrating representations of related episodes at the time of learning can facilitate later generalization, which tends to be faster and more accurate when based on integrated representations compared with separate representations (Shohamy and Wagner, 2008; Schlichting et al., 2014). Prior study has also identified several contextual factors that can increase integrative encoding of related episodes, such as explicit instructions to integrate (Richter et al., 2016), the temporal proximity of related episodes (Zeithamova and Preston, 2017), and whether related associations are studied in a blocked vs. intermixed manner (Schlichting et al., 2015). Here, we tested another such factor, physical resemblance, and found that rates of generalization were higher for faces with increased resemblance, consistent with the idea that similarity promotes integrative encoding, which in turn supports subsequent generalization. A similar effect of physical resemblance was recently reported in another inference paradigm, associative inference, where participants are explicitly asked to relate A and C items after separately learning A-B and B-C associations (Molitor et al., 2021). Thus, this aspect of the findings is consistent with the proposal that physical resemblance serves as a pattern completion cue to reactivate prior related episodes, which then becomes integrated with current experience.

However, not all aspects of the data point clearly to an integration mechanism. Prior study has shown that successful inference can lead to poorer source memory (Carpenter and Schacter, 2017, 2018). Anecdotal evidence from Shohamy and Wagner (2008) also suggested that successful generalization was accompanied by mistaking inferred face preferences for actually observed ones. These findings have been taken as evidence that integrating across episodes causes unique aspects of related experiences to be discarded, and assumptions that generalization and false memory may be two sides of the same coin (Zeithamova et al., 2012b; Varga et al., 2019). We thus expected to find increases in source memory errors with increasing rates of generalization, indicating that integration caused the loss of contextual information or that the participants mistakenly attributed internal reactivation of a pair-mate for an external presentation of the untrained association during encoding. When only considering blends where pair-mate faces were discriminable from one another, results for this aspect of the hypothesis were mixed. In Experiment 1, there was a significant increase in false source memories between the no shared parent and the shared parent pair-mates, and the increase mirrored the increase in generalization. This finding is in line with integration as the mechanism driving the effects of physical similarity. However, in Experiments 2 and 3, there was no effect of the blend level on source memory errors across the 1, 25, and 50% blends. Instead, rates of “both” responses were consistently lower for untrained associations compared with trained associations across blend levels. This contrasts with the generalization scores for 50% blends, which matched or nearly matched accuracy for trained associations, indicating that high generalization was not always accompanied by source memory confusion. Yet, complicating the story further, it is also not possible to conclude that the effect of physical similarity was different for generalization and source memory, as the difference across tests was not significant in any experiment. Instead, we are left with a clear effect of physical similarity in generalization and equivocal findings from source memory.

What might cause these mixed findings? Importantly, integrative encoding is but one mechanism proposed to support generalization. Other mechanisms of generalization have been postulated, with potentially distinct predictions about memory for individual events, memory generalization, and their relationship (Zeithamova and Bowman, 2020). Some argue that integrated representations are not needed; instead, generalization can be achieved on-demand, based on flexible retrieval of separate episodes (Kumaran, 2012; Kumaran and McClelland, 2012). The degree of physical similarity across pair-mates could potentially affect on-the-fly generalization from separate memories if the overlap across experiences increased the probability of successfully chaining all relevant memories. In this case, the generalization would not need to come at the expense of detailed memory for individual experiences. Indeed, our prior study that did not include a similarity manipulation showed that rates of generalization and source memory scores were not related either across subjects or on a trial-to-trial basis (de Araujo Sanchez and Zeithamova, 2020). Still, others have found that generalization can be positively related to the fidelity of individual memories (Banino et al., 2016). Thus, the chained retrieval of separate representations may have contributed to generalization in this study to some degree, explaining why high levels of generalization were not always accompanied by high levels of false memory.

Alternatively, similar predictions would stem from recent proposals that people may represent the same events at multiple levels of specificity, forming integrated representations alongside separate ones rather than at their expense (Collin et al., 2015; Schapiro et al., 2017; Brunec et al., 2018; Bowman et al., 2020; Zeithamova and Bowman, 2020). Different representations may be differentially susceptible to the effects of physical similarity, in which case the benefit of increased similarity for generalization (more likely relying on integrated memories) may not be accompanied by a corresponding effect on source memory (more likely relying on separate memories of individual events). While the current data are inconclusive with respect to whether generalization and source memory judgments were based on integrated memories, separated memories or both, they highlight the benefit of considering multiple measures in interpreting results rather than drawing conclusions about underlying mechanisms (such as integration) based on the generalization score alone. Importantly, the data clearly show that physical similarity promotes generalization across episodes, whether it is through promoting the formation of integrated representations and/or through enhancing flexible retrieval for on-the-fly generalization.



SUMMARY

In the three experiments, we manipulated the degree of overlap across related episodes in an acquired equivalence paradigm and tested the tendency to generalize across experiences and the ability to remember the source of generalized information. All three experiments showed increases in generalization for experiences with greater overlap but differed in whether errors in source memory accompanied increases in generalization. These results suggest a clear faciliatory effect of resemblance across episodes in the generalization that may sometimes, but not always, come with a loss of memory specificity.
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False memories in the Deese/Roediger-McDermott (DRM) paradigm are explained in terms of the interplay between error-inflating and error-editing (e.g., monitoring) mechanisms. In this study, we focused on disqualifying monitoring, a decision process that helps to reject false memories through the recollection of collateral information (i.e., recall-to-reject strategies). Participants engage in recall-to-reject strategies using one or two metacognitive processes: (1) applying the logic of mutual exclusivity or (2) experiencing feelings of contrast between studied items and unstudied lures. We aimed to provide, for the first time in the DRM literature, evidence favorable to the existence of a recall-to-reject strategy based on the experience of feelings of contrast. One hundred and forty participants studied six-word DRM lists (e.g., spy, hell, fist, fight, abduction, mortal), simultaneously associated with three critical lures (e.g., WAR, BAD, FEAR). Lists differed in their ease to identify their critical lures (extremely low-BAS lists vs. high-BAS lists). At recognition test, participants saw either one or the three critical lures of the lists. Participants in the three-critical-lure condition were expected to increase their monitoring, as they would experience stronger feelings of contrast than the participants in the one-critical-lure condition. Results supported our hypothesis, showing lower false recognition in the three-critical-lure condition than in the one-critical-lure condition. Critically, in the three-critical-lure condition, participants reduced even more false memory when they could also resort to another monitoring strategy (i.e., identify-to-reject). These findings suggest that, in the DRM context, disqualifying monitoring could be guided by experiencing feelings of contrast between different types of words.

Keywords: false memories, false recognition, DRM paradigm, disqualifying monitoring, memory error-editing processes, multiple critical lures per list, backward associative strength


INTRODUCTION

During the last decades, memory researchers have intensely explored the underlying mechanisms of memory distortions, and have shown a particular interest in false memories (Gallo, 2006, 2010). One of the most widely employed procedures to induce false memories in controlled settings is the Deese/Roediger-McDermott (DRM) paradigm (Deese, 1959; Roediger and McDermott, 1995). In this paradigm, participants study lists of words (e.g., sour, candy, sugar, etc.), all of them associated with a non-presented critical lure (e.g., SWEET). In a subsequent memory task, participants often claim to recall or recognize the critical lure (false memories) along with the studied items (true memories) (Roediger and McDermott, 1995). Numerous experimental manipulations have revealed that falsely remembered critical lures present highly compelling memorial evidence of the occurrence of the event (e.g., Beato et al., 2013; Boldini et al., 2013; Thakral et al., 2019; Brainerd et al., 2020; Howe and Akhtar, 2020; H. Liu et al., 2020; Beato and Arndt, 2021; Huff et al., 2021; Z. Liu et al., 2021; Wang et al., 2021).

In order to explain false memories, the two main theories are the fuzzy-trace theory or FTT (e.g., Brainerd and Reyna, 1990; Reyna and Brainerd, 1995; Brainerd et al., 2008) and the activation-monitoring framework or AMF (e.g., Roediger et al., 2001a,b). Despite differences between FTT and AMF, both agree to propose the interplay of two types of processes: error-inflating and error-editing.1 These processes would work together to increase true memories, but they would operate in opposite directions in false memory (Arndt and Gould, 2006). Thus, whereas error-inflating processes would increase the likelihood to produce false memories, error-editing processes would reduce it.

The main aim of this research was to study error-editing processes in associative false memories and, in particular, the monitoring process, which has been identified as key to reduce false memories (e.g., Roediger et al., 2001b; Gallo, 2004; Gallo et al., 2006; Gallo and Lampinen, 2016; Coane et al., 2020; Huff et al., 2020). The monitoring process can be generally described as a decision process that helps participants allocate the source of mentally activated information, eventually reducing false memory (e.g., Gray, 2016; Roediger et al., 2001b; cf. Jou et al., 2018, who proposed that the ability to establish an appropriate decision criterion to monitor is based on what the observer monitors against). This monitoring process can be classified into diagnostic and disqualifying monitoring (e.g., Gallo, 2004, 2006; Gallo et al., 2006; Gallo and Lampinen, 2016; Nieznański et al., 2018; Moore et al., 2020). This division is based on the decisional processes around the avoidance of false memory.

On the one hand, diagnostic monitoring relies on the expectations generated around the decision making and happens when the critical lure is rejected due to an absence of recollection. In those cases, the dubious event (i.e., the critical lure) is rejected following a reasoning such as “if I had studied that item (e.g., my favorite fruit), I would recall it; as I do not remember it, it must not have been presented” (Gallo and Lampinen, 2016). On the other hand, disqualifying monitoring involves deciding whether the questionable event (i.e., the critical lure) was studied or not is made based on the recollection of collateral evidence. In these cases, certain information is recalled, and the recollection of that memory eliminates the possible occurrence of the questionable event. The recollection of collateral information to reject a dubious event is called “recall-to-reject” (e.g., Gallo, 2004; Gallo and Lampinen, 2016; Moore et al., 2020). Research has suggested that recall-to-reject can work through two different metacognitive processes: (1) participants apply the logic of mutual exclusivity, or (2) participants experience a feeling of contrast between studied items and unstudied critical lures (Gallo and Lampinen, 2016).

Examples of how recall-to-reject can occur following a logic of mutual exclusivity come from studies in which DRM lists are very short (e.g., three items). In that case, participants could reject the critical lures at test by remembering all the studied words of each list (i.e., exhaustive recall/recognition), which leads to extremely low false recognition rates (Gallo, 2004). Another example of the use of the logic of mutual exclusivity to avoid false memories is the finding that highly identifiable critical lures are more likely to be rejected (Carneiro et al., 2009, 2012). In this case, participants would apply a particular type of logic of mutual exclusivity that has been called “identify-to-reject,” and that would follow such a reasoning: “I did not encode A because, first, I remember to notice that A was the theme of the list, and second, I realized that A was not presented”. In addition, as noted above, participants can also engage in a type of recall-to-reject based on a feeling of contrast between the studied items and the unstudied critical lures (Gallo and Lampinen, 2016; Moore et al., 2020). In these cases, a sort of automatic attributional process might be intervening to reject the false memory, which would follow a reasoning like this: “This word (i.e., A, the critical lure) seems familiar to me, but I probably have this feeling just because another related word was actually presented (i.e., B, a studied item), so I will reject A” (Brainerd et al., 2003; Lampinen et al., 2005). Evidence for this strategy came from a study in which participants rated words for pleasantness and then completed an old/new recognition test in which they also had to think out loud and say whatever came to their minds during the retrieval process (Lampinen et al., 2005). This study found that participants sometimes noticed differences between the recollection experience of studied and unstudied items (“Cup—is new. I don’t remember seeing cup, but I remember seeing mug”). These results suggest that participants sometimes experience a feeling of contrast between items when performing a recognition test. In this context, it is worth noting that, even though the theoretical explanation of the feeling-of-contrast strategy is strongly related to the DRM associative illusion, to date, there is no empirical evidence that supports the idea that participants engage in this type of monitoring process in the DRM paradigm. To fill this gap, we examined whether, in the DRM paradigm, participants apply a recall-to-reject strategy based on feelings of contrast between items. As far as we know, ours is the first attempt in the literature to tackle this particular question directly.

To test the existence of the feeling-of-contrast strategy, we need a procedure that precludes the possibility to apply the logic of mutual exclusivity and allows the feeling-of-contrast strategy. As mentioned above, there are two main examples of how recall-to-reject can occur following a logic of mutual exclusivity: exhaustive recall/recognition and identify-to-reject strategies. One could argue that, since DRM lists are usually long, participants cannot resort to exhaustive recall/recognition because it is tough to remember all the studied items. However, this argument is not sufficient to affirm that participants are not engaging a mutual exclusivity logic as we also need to consider the possibility that participants apply an identify-to-reject strategy. In this regard, it should be noted that a typical DRM list includes one critical lure and words with high backward associative strength (BAS, the association from studied items to the critical lure). When using DRM lists with these characteristics (i.e., high BAS and one critical lure), participants are prone to engage in an identify-to-reject strategy, a subtype of the logic of mutual exclusivity. Two mechanisms could trigger identify-to-reject in these lists. First, when there is only one critical lure per list, participants could identify this word as the theme of the list, they could be aware of the absence of this word in the study list, and, therefore, they might reject it at test (i.e., identify-to-reject strategy). Instead, we think that if the DRM lists included multiples critical lures, a condition used in the present study, it would be more difficult to engage in an identify-to-reject strategy. Second, in previous studies, a positive correlation has been found between BAS and identifiability indexes of the critical lures (e.g., Beato and Cadavid, 2016). That is, critical lures were more easily identifiable as the theme in high-BAS lists than in low-BAS lists. Therefore, participants are less likely to engage in an identify-to-reject strategy in DRM lists with lower backward associative strength.2

To prevent the use of mutual exclusivity logic (both via exhaustive recognition and identify-to-reject strategies) and analyze whether experiencing feelings of contrast could guide error-editing processes in DRM studies, we used DRM lists with multiple critical lures and extremely low levels of backward associative strength. Specifically, we manipulated two independent variables in this study: the number of critical lures per DRM list presented at test (one vs. three) and BAS (high vs. low). Including three actual critical lures per list at the recognition test would increase the likelihood that participants engage in a feeling-of-contrast strategy (i.e., more critical lures would increase the chances that participants have a feeling of contrast). Also, it seems likely that including all the three critical lures of our lists in the recognition test could diminish the probability of engaging in an identify-to-reject strategy (i.e., participants would not be able to explicitly identify the three critical lures of each list to reject them). Furthermore, to make it even less likely that participants engage in an identify-to-reject strategy, we included lists with the minimum possible BAS levels. These extremely low-BAS levels served as a proxy for low-identifiability levels. Therefore, lists with three critical lures and extremely low BAS would constitute the experimental condition in which we prevented the use of mutual exclusivity logic and, instead, foster a feeling-of-contrast strategy. Hereunder, these ideas are explained in more detail.

With respect to the number of critical lures per list, previous studies have reported that two- or three-critical-lure DRM lists produce robust false memories (e.g., Beato and Díez, 2011; Beato et al., 2012; Cadavid et al., 2012; Beato and Arndt, 2014, 2017; Beato and Cadavid, 2016; Cadavid and Beato, 2016, 2017; Arndt and Beato, 2017; Pitarque et al., 2018). In these previous studies, it is unlikely that participants would have used the logic of mutual exclusivity to reject the critical lures because they would not be able to (1) remember all the studied items or (2) explicitly identify the two or three themes of the list (i.e., critical lures) to reject them. In contrast, we expected that participants would engage more often in a feeling-of-contrast strategy following a reasoning like this: “This word (i.e., A, one of the critical lures) seems familiar to me, but I probably have this feeling just because another related word was actually presented (e.g., studied word B or critical lure C), so I will reject A”. In other words, the presence of more critical lures per list at the recognition test would increase the chance of feeling the contrast between a lure and the rest of the words (i.e., studied and other lures from the same list). Hence, just as in other manipulations that facilitate error-editing processes, overall false recognition rates were expected to be lower in the three-critical-lure condition than in the one-critical-lure condition.

Regarding the BAS manipulation, we used DRM lists from a previous normative study (Cadavid and Beato, 2017) where the low-BAS lists had the lowest possible BAS levels. In this case, as referred above, we expected that extremely low levels of associative strength would serve as a proxy for low-identifiability levels. That is, including extremely low-BAS lists allows us to virtually eliminate the possibility that participants engage in an identify-to-reject strategy.

Hence, as previously mentioned, the low-BAS/three-critical-lure condition would be the condition where it seems less likely that monitoring can occur via mutual exclusivity processes as (1) it is not likely that participants remember all the studied words (i.e., exhaustive recognition), (2) the lists had extremely low-BAS levels, which hinders the engagement of an identify-to-reject strategy, and (3) more critical lures at test increase the likelihood of experiencing feelings of contrast between the actually studied words and the critical lures.

We predicted that false recognition would be lower in the three-critical-lure condition than in the one-critical-lure condition, showing evidence toward the presence of feelings of contrast in the DRM paradigm. Furthermore, we were interested in analyzing two specific comparisons. First, we compared false recognition in the one-critical-lure vs. the three-critical-lure conditions for the low-BAS lists, as the extremely low-BAS levels prevent the use of an identify-to-reject strategy. We anticipated a lower false recognition rate in the low-BAS/three-critical-lure condition than in the low-BAS/one-critical-lure condition. This finding would show that, in the absence of an identify-to-reject strategy (low-BAS lists), participants whose feelings of contrast were not triggered (one-critical-lure condition) would show higher false memory than the participants who experienced feelings of contrast (three-critical-lure condition).

Our second specific comparison referred to BAS levels in the three-critical-lure condition. It is worth reminding that, in this study, BAS levels were used as a proxy for identifiability levels. We expected higher false recognition levels in the extremely low-BAS lists than in the high-BAS lists when tested with all its three critical lures. From our monitoring process perspective, as it was previously mentioned, in the experimental condition in which low-BAS lists are studied and three critical lures per list are included at test, participants could engage in a feeling-of-contrast strategy, but not in monitoring processes following the logic of mutual exclusivity (i.e., identify-to-reject strategy). However, when participants included in the three-critical-lure condition study high-BAS lists, it might be the case that they could use both feelings of contrast and an identify-to-reject strategy to monitor their memory (i.e., high-BAS lists could be used as a proxy for high-identifiability levels). Therefore, when using high-BAS lists and presenting three critical lures per list at test, participants could engage in more than one type of editing processes. If we assumed that there could be an additive effect on their ability to reduce false memories, this would lead to a greater reduction of false recognition in high-BAS lists than in low-BAS lists when presenting three critical lures per list at test.



MATERIALS AND METHODS


Participants

A total of 140 undergraduate students, who were native Spanish speakers, voluntarily participated in this experiment (69.29% woman; Mage = 21.35, SD = 3.91). A power analysis using G∗Power 3.1 (Faul et al., 2007), with a power of 0.80 and an alpha of 0.05, showed that a total of 128 participants were enough to detect a medium effect size (f = 0.25) in the 2 (Number of critical lures per list at test) × 2 (BAS) interaction of our interest. We increased the sample size from 32 to 35 participants per group for a total of 140 participants. All participants signed an informed consent form and received course credit. The study was approved by the Bioethics Committee of the University of Salamanca.



Design

The experiment followed a 2 × 2 between-subjects design. The two independent variables were Number of critical lures per list at test (one, three) and BAS (high, low).



Materials

We used 32 six-word DRM lists from Cadavid and Beato (2017) normative study (see Table 1). Specifically, lists were constructed from Spanish free-association norms (Fernandez et al., 2011). Lists were built to ensure that all the three critical lures (e.g., WATER, BOAT, and SEA) were produced by the same study items (marine, lifejacket, dyke, castaway, island, and exportation) in free association. That is, the six study items were simultaneously related via backward associative strength or BAS to each of the three critical lures.


TABLE 1. Thirty-Two Six-Word Lists with Three Critical Lures (Approximated English Translation), Backward Associative Strength (BAS) Condition, and Critical Lure BAS.

[image: Table 1]
The BAS values for each critical lure (hereafter, critical lure BAS) were computed as the mean of the associative strengths between each of the six associated words and the particular critical lure, just as in previous research (Robinson and Roediger, 1997). For its part, the BAS values of each list (hereafter, BAS list strength) were calculated by averaging the BAS values for the three critical lures within each list. For example, a low-BAS list included the critical lures WAR (BAS = 0.013), BAD (BAS = 0.010), and FEAR (BAS = 0.010), each of which had backward associations to the study items spy, hell, fist, fight, abduction, and mortal. An example of a high-BAS list included the critical lures FOREST (BAS = 0.070), FIELD (BAS = 0.068), and HILL (BAS = 0.073), all of them associated with the study items excursion, mushroom, cottage, deer, green, and meadow.

Furthermore, ten DRM lists were selected from Alonso et al.’s (2004) normative study, from which the distractors were extracted. We used this normative study to select distractors from DRM lists that did not include, or were related to, our study items or critical lures. Lists included a critical lure (e.g., TELEPHONE) and fifteen associated words (e.g., call, home, communication, mobile, dream, numbers, speak, invoice, conversation, guide, distance, cable, noise, chat, and prefix). Specifically, we selected the lists of critical lures BOX, GLASSES, COMB, TRAVEL, KEY, FORK, LAMP, TELEPHONE, COW, and PENGUIN. Unrelated critical-distractors were the critical lure of the lists, whereas unrelated distractors were selected from its associates.

For the present study, we selected 16 high-BAS lists (MBAS = 0.44, SD = 0.08, rangeper lure: 0.21–0.62) and 16 low-BAS lists (MBAS = 0.13, SD = 0.04, rangeper lure: 0.06–0.21). It is important to note that the low-BAS lists included extremely low-BAS values, values never used before in the DRM paradigm, covering the lowest end of the entire spectrum of associative strength, as they included the minimum associative strength theoretically possible (Cadavid and Beato, 2017). We confirmed that the associative strengths of high- and low-BAS lists differed significantly, Welch’s tper lure(70.24) = 22.38, p < 0.001, d = 4.57. Lists were audio-recorded with a male voice, and during the study phase, stimuli were presented auditorily by using speakers.

The recognition test was administered as a pen and paper task. This memory test included a total of 192 words (studied words, critical lures, unrelated critical-distractors, and unrelated distractors) that varied between the experimental conditions. For the one-critical-lure condition, the recognition test consisted of 96 studied words, 16 critical lures (i.e., one critical lure per study list) and 80 distractors (10 unrelated critical-distractors and 70 unrelated distractors). We ensured that all the three critical lures of each list were tested in the one-critical-lure condition. For the three-critical-lure condition, the recognition test included 96 studied words, 48 critical lures (i.e., three critical lures per study list), and 48 distractors (8 unrelated critical-distractors and 40 unrelated distractors). Thus, the recognition memory test included the same number of studied and unstudied words (96 studied and 96 unstudied words) in both experimental conditions.

The items of the recognition test were pseudorandomized according to criteria proposed in previous research (Gallo and Roediger, 2002; Graham, 2007). Concretely, we made sure that two or more items separated words from the same list. Besides, we assured critical lures were separated from each other for at least two items. There were six versions of the recognition test, which was included at the end of a booklet that also contained sixteen pages of unsolved arithmetic operations series that were solved in-between the study of the lists.



Procedure

Participants were randomly assigned to one of the four experimental conditions defined by two between-subjects variables: Number of critical lures per list at test (one, three) and BAS (high, low). This experiment was run in about 60-min group sessions. Before starting the study phase, participants were presented with a practice list. The study phase instructions indicated that words should be remembered for a later memory test. No mention was made about the associative nature of the study lists.

Participants studied 16 DRM lists randomly presented. The items within each list were presented in decreasing order of BAS values, at a rate of one word every 2000 ms. Lists were alternated with 20 s series of simple arithmetic operations that had to be solved in a booklet. The self-paced recognition test was administrated in the same booklet as the arithmetic operations. Participants had to judge 192 words and decide whether each word was presented in the study phase or not by circling “YES” or “NO” on the response sheet. As mentioned above, the number of critical lures included in the memory test varied between the one- and the three-critical-lure conditions (16 vs. 48, respectively).



RESULTS

Across all analyses, Greenhouse-Geisser correction of degrees of freedom was applied where appropriate in the repeated measures ANOVAs, the alpha level was set at 0.05, and effect sizes are reported with Cohen’s d and omega squared (ω2). All analyses were performed using JASP Team (2020).


True Recognition

A 2 (Number of critical lures per list at test: one, three) × 2 (BAS: high, low) between-subjects ANOVA was ran on true recognition rates. No significant main effects, Fnumber of lures(1, 136) = 0.04, p = 0.848, ω2 < 0.001, FBAS(1, 136) = 0.62, p = 0.432, ω2 < 0.001, nor interaction were found, F(1, 136) = 0.35, p = 0.557, ω2 < 0.001 (see Table 2 for descriptive statistics).


TABLE 2. Mean Percentage (SD) of True and False Recognition and False Alarms to Unrelated Critical-Distractors and Unrelated Distractors as a function of Number of Critical Lures per List at Test (one vs. three) and BAS (high vs. low).
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False Recognition Effect

A one-way repeated measures ANOVA (Type of word: studied, critical lure, unrelated critical-distractor, and unrelated distractor) was conducted, F(2.42, 336.06) = 717.37, p < 0.001, ω2 = 0.74 (see Table 2 for descriptive statistics).3 We computed six comparisons and applied Bonferroni correction. Hence, the new alpha was set at 0.008. True recognition (M = 63.47, SD = 12.40) was significantly higher than false recognition to critical lures (M = 36.62, SD = 17.10), t(139) = 16.79, p < 0.001, Cohen’s d = 1.42; than false alarms to unrelated critical-distractors (M = 9.74, SD = 13.11), t(139) = 34.20, p < 0.001, Cohen’s d = 2.89; and also higher than false alarms to unrelated distractors (M = 9.09, SD = 9.75), t(139) = 39.58, p < 0.001, Cohen’s d = 3.35. Furthermore, false recognition was significantly higher than false alarms to unrelated critical-distractors, t(139) = 18.96, p < 0.001, Cohen’s d = 1.60; and unrelated distractors, t(139) = 21.69, p < 0.001, Cohen’s d = 1.83. This result confirmed that critical lures produced above-baseline levels of false recognition. No significant differences were found between unrelated critical-distractors and unrelated distractors, t(139) = 0.78, p = 0.435, Cohen’s d = 0.07.



False Recognition and Critical Lures’ Position at Test

Besides using extremely low-BAS lists, the ease of engaging a feeling-of-contrast strategy during the recognition test was manipulated by including all the three critical lures of each list or including just one of them. According to the logic of the feeling of contrast, participants would experience more feelings of contrast when they encounter several critical lures. In order to check whether the feeling-of-contrast strategy was actually favored in the three-critical-lure condition, we analyzed false recognition of any of the three critical lures in the first, second or third position at test. Specifically, in the three-critical-lure condition, 35.24% (SD = 12.39) of the total false recognition occurred in the first critical lure of the lists, 35.91% (SD = 11.67) appeared in the second critical lure, and, finally, 28.84% (SD = 10.72) of the total false recognition happened in the third critical lure. We conducted a repeated measures ANOVA (Position at test of the critical lures of each list: first, second, and third) on the false recognition rates, F(2, 138) = 5.28, p = 0.007, ω2 = 0.06. We computed three comparisons and applied Bonferroni correction. Hence, the new alpha was set at 0.016. False recognition for the first and second critical lures did not show significant differences, t(69) = 0.26, p = 0.795, Cohen’s d = 0.03. However, false recognition for the third critical lure was significantly lower than false recognition for the first, t(69) = 2.68, p = 0.009, Cohen’s d = 0.32, and the second critical lure, t(69) = 3.17, p = 0.002, Cohen’s d = 0.38. These results supported the idea that the feeling-of-contrast strategy was favored in the three-critical-lure condition.



Error-Editing Processes: The Effect of the Number of Critical Lures per List at Test and BAS

The mean percentage of false recognition as a function of the number of critical lures per list at test and BAS are presented in Table 2. In both one-critical-lure condition and three-critical-lure condition, false recognition was calculated as the mean of the false recognition of all the critical words included in the recognition test.

We used a 2 (Number of critical lures per list at test: one, three) × 2 (BAS: high, low) between-subjects ANOVA to examine the effects of the number of critical lures per list at test and BAS on the error-editing processes in false recognition. Results showed a significant main effect of BAS, F(1, 136) = 4.58, p = 0.034, ω2 = 0.02, indicating that false recognition rates were significantly higher in low-BAS lists (M = 39.52, SD = 14.95) than in high-BAS lists (M = 33.72, SD = 18.67). As expected, the number of critical lures per list at test also showed a significant main effect, F(1, 136) = 14.00, p < 0.001, ω2 = 0.09. Specifically, false recognition rates were lower in the three-critical-lure condition (M = 31.55, SD = 15.40) than in the one-critical-lure condition (M = 41.70, SD = 17.31). The interaction was not significant, F(1, 136) = 3.28, p = 0.072, ω2 = 0.02.

Since our goal was to analyze whether experiencing feelings of contrast could guide error-editing processes in DRM studies, we needed to eliminate the possibility that participants apply the mutual exclusivity logic (both via exhaustive recognition and identify-to-reject strategies). We assumed that the identify-to-reject strategy is mitigated with extremely low-BAS lists. However, no experimental manipulation was made to eliminate the possibility that participants engage in an exhaustive recognition strategy (i.e., recognize all the six study items). Therefore, we ran an additional conditioned analysis removing, for each participant, false recognition for lists that had perfect correct recognition for list items. This approach provided a better estimate of the feelings of contrast effects on false recognition, as we removed the lists in which mutual exclusivity could be occurring via exhaustive recognition. Participants in the low-BAS condition had 13.57% of lists removed (Mone critical lure = 12.68, SD = 13.93; Mthree critical lures = 14.46, SD = 10.59), whereas 16.96% of the lists were eliminated in the high-BAS condition (Mone critical lure = 18.04, SD = 13.96; Mthree critical lures = 15.89, SD = 12.62). Turning to the number of critical lures per list at test, in the one-critical-lure condition, 15.36% of the lists were removed, and 15.18% of the lists for the three-critical-lure condition were not included in the conditionalized analysis.

Just as in the previous ANOVA, in this conditioned analysis the main effect of BAS showed that false recognition was higher in low- (M = 38.42, SD = 14.76) than in high-BAS lists (M = 31.25, SD = 18.86), F(1, 136) = 6.65, p = 0.01, ω2 = 0.04. Again, the main effect of the number of critical lures per list at test was also significant, F(1, 136) = 8.09, p = 0.005, ω2 = 0.05, showing that false recognition was lower in the three-critical-lure condition (M = 30.88, SD = 15.95) than in the one-critical-lure condition (M = 38.80, SD = 17.70). The interaction was not significant, F(1, 136) = 1.73, p = 0.191, ω2 = 0.005 (see Table 3).


TABLE 3. Mean Percentage (SD) of True and False Recognition After Removing Lists with 100% of True Recognition, as a Function of Number of Critical Lures per List at Test (one vs. three) and BAS (high vs. low).

[image: Table 3]
Taking into account our hypotheses stated in the introduction, we computed two planned comparisons on the conditioned false recognition rates (alpha was adjusted to 0.025). First, in the low-BAS condition, no differences were found between one and three critical lures, t(68) = 1.21, p = 0.12, Cohen’s d = 0.289. Considering the limitations of the null hypothesis significance testing (Dienes, 2011), Bayesian analyses were run (H0 = no differences between the means, H1 = differences between the means). A Bayesian independent samples t-test indicated that the H0 is 2.17 times more likely than the H1, which represent anecdotal evidence in favor of the H0. Second, in the three-critical-lure condition, false recognition was higher when participants could not resort to an identify-to-reject strategy (low-BAS lists) than when they could use such a strategy (high-BAS lists), t(68) = 3.00, p = 0.004, Cohen’s d = 0.718. A Bayesian independent samples t-test indicated that the H1 is 10.21 times more likely than the H0, which corresponds to moderate to strong evidence in favor of H1.

In sum, since false recognition was lower in the three-critical-lure condition than in the one-critical-lure condition, it seems that feelings of contrast could guide monitoring processes in the DRM paradigm. However, in the absence of an identify-to-reject strategy (low-BAS conditions), participants who experienced feelings of contrast (three-critical-lure condition) did not show lower levels of false memory than participants in the one-critical-lure condition. Instead, evidence was favorable to the existence of an additive effect of the two monitoring strategies examined in this study (i.e., identify-to-reject and feelings of contrast), as false recognition was significantly lower when both strategies were allowed (high-BAS/three-critical-lure condition).



DISCUSSION

The current study focused on disqualifying monitoring, a type of decision process that helps participants to reject false memories through the recollection of collateral information. The recollection of collateral information is achieved by the engagement of recall-to-reject strategies. Participants engage in recall-to-reject strategies employing one or two metacognitive processes: (1) applying the logic of mutual exclusivity, or (2) experiencing a feeling of contrast between studied items and unstudied critical lures (Gallo and Lampinen, 2016). As, to our knowledge, no previous studies have attempted to directly examine whether participants can apply a recall-to-reject strategy based on feelings of contrast in the DRM paradigm context, our goal was to fill this gap.

In the present study, we used a new experimental design where participants would find it difficult to use the logic of mutual exclusivity (neither exhaustive recall nor identify-to-reject strategy) to edit false memories, and instead, they could only experience feelings of contrast between words. Specifically, we employed DRM lists with three critical lures each of them (words not included in the study list) and extremely low levels of backward associative strength (the minimum possible association levels). In the recognition test, we manipulated the number of critical lures per list presented at test (only one vs. all the three critical lures per list).

On the one hand, regarding the number of critical lures per list, participants studied all the associates of the lists following the same instructions at the encoding phase. Importantly, at the recognition test, participants were presented with either only one or all the three critical lures of the lists. We expected that participants who were presented with three critical lures per list at test would increase their ability to edit false memories, as they would experience stronger feelings of contrast than the participants who were presented with only one critical lure per list at test. Participants in the three-critical-lure condition would be more prone to think something like: “This word (i.e., A, one of the critical lures) seems familiar to me, but I probably have this feeling just because another related word was actually presented (e.g., critical lure B or studied word C), so I will reject A.” This type of reasoning, repeated all across the recognition test, would lead to lower false recognition levels in the three-critical-lure condition than in the one-critical-lure condition. In other words, when exposed to three critical lures per list at test, participants would have fewer false memories. The results supported our hypothesis, meaning that, in the DRM context, disqualifying monitoring could be guided by the experience of feelings of contrast between different types of words.

On the other hand, we manipulated the level of BAS, including extremely low-BAS lists, that is, lists with the lowest possible BAS level. We anticipated that such extremely low-BAS levels would make it difficult for participants to guess the critical lures. In fact, previous DRM studies with three-critical-lure lists have found a significant correlation between BAS and identifiability of the critical lures (Beato and Cadavid, 2016). Therefore, we expected that the exceptionally low-BAS levels would also make it difficult to resort to recall-to-reject strategies guided by the logic of mutual exclusivity (e.g., identify-to-reject). The results supported our hypotheses, showing that lists with extremely low-BAS levels produced higher false recognition rates than lists with high-BAS levels. As expected, this difference was specially important in the three-critical-lure condition, where participants were better at avoiding false recognition. Indeed, participants committed fewer mistakes in the three-critical-lure condition, and, within this condition, they were particularly efficient at reducing false memory in the high-BAS condition. These results are in favor of the possibility that, when combined together, the two monitoring strategies explored in this study (i.e., identify to reject and feelings of contrast) could trigger an additive effect to reduce false memory (high-BAS/three-critical-lure condition). This outcome needs to be explored further in future research.

The current findings help us to gain knowledge of the mechanisms that underlie memory accuracy. Memory editing is a complex phenomenon that comprises multiple sub-processes and different strategies. In this research, while the encoding instructions at the study phase were not manipulated, we did manipulate the BAS level of the lists and the number of critical lures per list available at the recognition test. We found that, when presented with more critical lures per list at test, participants are better at avoiding false memories than when they are presented just with one critical lure per list at test (48 vs. 16 critical lures, respectively). Therefore, we provided evidence that the amount of competing information available at test is determinant to trigger different memory editing mechanisms. Our data are consistent with Gallo and collaborators’ classification of the decisional processes that guide memory distortion avoidance (e.g., Gallo, 2004; Gallo et al., 2006; Gallo and Lampinen, 2016; Moore et al., 2020) and leave the door open to new questions. One possible future line of continuing this research would come from manipulations both at encoding and at test. For example, would different types of instructions trigger the sort of attributional process associated with experiencing feelings of contrast? Would these feelings always decrease false memory? Could explicitly drawing participants’ attention to their subjective memory experience reduce false memory? One potential limitation of the current study is that participants were never directly queried regarding the monitoring of individual test items. Future studies with DRM lists with three critical lures could benefit greatly from adopting think-aloud protocols like those used by Lampinen et al. (2005). These and other questions remain to be explored in future research.
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FOOTNOTES

1Other theoretical explanations of false memories, such as global matching models (Arndt and Hirshman, 1998), also agree on proposing these two types of processes.

2The backward associative strength or BAS has been identified as a reliable predictor of false memory and is one of the most commonly cited factors that facilitates error-inflating processes, as research has shown that false recall and false recognition rates were higher in high-BAS than in low-BAS lists (e.g., McEvoy et al., 1999; Roediger et al., 2001b; Gallo and Roediger, 2003; Arndt and Gould, 2006; Beato and Arndt, 2017). However, some studies have also reported that BAS did not affect false recognition rates (e.g., Cadavid et al., 2012; Brainerd et al., 2020). Although these results are of interest, the aim of the present study is not to shed light on the role of BAS in false memory, as the extremely low-BAS levels employed here are only used as a proxy for low-identifiability levels.

3No correction was made on recognition rates because false alarms to unrelated critical-distractors did not show significant differences between the two experimental conditions, one critical lure (M = 10.02, SD = 12.40) and three critical lures per list at test (M = 9.46, SD = 13.86), t(138) = 0.25, p = 0.804, Cohen’s d = 0.04. Furthermore, false alarms to unrelated distractors did not show significant differences between the two experimental conditions either, t(138) = 1.07, p = 0.287, Cohen’s d = 0.18 (one-critical-lure condition, M = 9.97, SD = 9.62; three-critical-lure condition, M = 8.21, SD = 9.87).
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We report an experiment examining the factors that produce false recognition in the Deese-Roediger-McDermott (DRM) paradigm. We selectively manipulated the probability that critical lures produce study items in free association, known as forward associative strength (FAS), while controlling the probability that study items produce critical lures in free association, known as backward associative strength (BAS). Results showed that false recognition of critical lures failed to differ between strong and weak FAS conditions. Follow-up correlational analyses further supported this outcome, showing that FAS was not correlated with false recognition, despite substantial variability in both variables across our stimulus sets. However, these correlational analyses did produce a significant and strong relationship between BAS and false recognition. These results support views that propose false memory is produced by activation spreading from study items to critical lures during encoding, which leads critical lures to be confused with episodically-experienced events.
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INTRODUCTION

False memory has been studied extensively using the Deese/Roediger-McDermott paradigm (DRM; Deese, 1959; Roediger and McDermott, 1995). In this paradigm, people study a list of words, which are all related to the same non-studied word known as the critical lure. On a subsequent memory test, critical lures are often mistakenly recalled or recognized (e.g., Arndt and Beato, 2017; Pitarque et al., 2018; Huff et al., 2020; Beato and Arndt, 2021). While this paradigm produces robust false memory, there is substantial variability in the false recognition that occurs across DRM lists (e.g., Gallo and Roediger, 2002; Beato and Díez, 2011; Cadavid and Beato, 2017; Coane et al., 2021).

In order to understand this variability, many studies have focused on the roles played by the probability that list items produce the critical lure in free association (referred to as backward associative strength or BAS) and the probability that the critical lure produces list items in free association (referred to as forward associative strength or FAS). This work has shown that BAS influences false memory reliably (e.g., McEvoy et al., 1999; Roediger et al., 2001; Gallo and Roediger, 2002; Arndt, 2006; Arndt and Gould, 2006; Howe et al., 2009a; Knott et al., 2012). On the contrary, prior work examining the effect of FAS on false memory has produced inconsistent results. Some studies did not find significant correlations between FAS and false recall/recognition (e.g., Roediger et al., 2001; Gallo and Roediger, 2002; Beato and Arndt, 2014), while other studies found correlations between FAS and false memory (e.g., Brainerd and Wright, 2005; Howe et al., 2009b; Arndt, 2012b, 2015). Brainerd and Wright (2005) argued that the lack of correlation found between FAS and false memory by, for example, Roediger et al. (2001) was due to the restricted range of FAS values used in their lists. Indeed, this same criticism applies to most studies showing that FAS fails to predict false memory (see Beato and Arndt, 2014 for an exception).

Beyond the empirical considerations highlighted above, the question of whether FAS impacts false memory is important theoretically. One class of theories, associative activation theories (Roediger et al., 2001; Howe et al., 2009b), posit that false memory in the DRM paradigm is caused by the activation spreading from study items’ representations in semantic memory to critical lures’ representations. As a result, these theories propose that BAS, but not FAS, should impact false memory. In contrast, other theories suggest that featural similarity between study items and critical lures (Arndt and Hirshman, 1998; Brainerd et al., 2008; Arndt, 2012a; Brainerd et al., 2020) increases false memory. In the view of these theories, both BAS and FAS should impact false memory, because both variables can be interpreted to index the extent to which study items and critical lures share features. Thus, investigating whether FAS influences false memory will help to distinguish between theoretical views of false memory’s genesis.

In the present study, we sought to determine whether FAS was related to false memory using lists that had substantial variability in FAS. In order to understand the unique role that FAS plays in producing false memories, it is important to separate the contributions of FAS and BAS to false memory, given that they are correlated (Brainerd et al., 2008). For this purpose, we built DRM lists that varied widely in FAS, while controlling BAS and employed DRM lists that were related to multiple critical lures (e.g., Beato et al., 2012; Cadavid et al., 2012; Beato and Arndt, 2014). Constructing lists that were related to multiple critical lures allowed us to evaluate correlations between FAS and false recognition using both the variability due to list-wide characteristics (the approach used in prior work, where lists are related to a single critical lure) and the variability due to individual critical lures’ characteristics as the basis for analyses. To illustrate, consider the lists that were related to the general theme “School,” we constructed one list of associates (homework, work, school, book, class, and test) that had strong FAS with three critical lures (assignment, lesson, and study), and a second list of associates (school, book, work, boring, long, and test) that had weak FAS with three critical lures (essay, homework, and study).1 Within a list that had a strong FAS-based relationship with its critical lures, there was variation in the summed FAS values of the three critical lures (e.g., assignment=0.755, lesson=0.294, and study=0.341). Importantly, lists that had a weak FAS-based relationship with its critical lures also varied in the summed FAS values of the three critical lures (e.g., essay=0.158, homework=0.265, and study=0.321).

The benefit of constructing lists this way is that it enabled us to examine the effects of study item characteristics and critical lure characteristics on false recognition separately. In contrast, the standard DRM paradigm, where each list of words is related to a single critical lure, only allows evaluation of these characteristics simultaneously, making it impossible to understand their unique impact on false memory. Thus, if the results of correlational analyses using study item and critical lure characteristics converge, it is appropriate to infer the variables correlated with false recognition reflect a general property of DRM lists, as well as the factors that drive false memory. On the other hand, if the results of correlational analyses produce different results using study item and critical lure characteristics as the unit of analysis, one may have less confidence that they reflect a general property of the factors that drive false memory, and instead may reflect specific item characteristics. As a consequence, factors that show the same effects for both sets of analyses are more likely to be key drivers of false memory effects, making them carry greater theoretical importance.



MATERIALS AND METHODS


Participants

The sample comprised 40 native English speakers (70% female) who participated as part of a course research appreciation requirement. Participants’ ages ranged from 18 to 20years (M age=18.60; SD=0.78).



Materials

A total of 28 six-word DRM lists were constructed as stimuli (see Table 1). Lists were built to ensure that three critical lures produced the same six study items in free association (i.e., they were related via FAS) based upon the University of South Florida free-association norms (Nelson et al., 1998). This list length was chosen because it allowed us the best opportunity to construct lists with multiple critical lures that manipulate FAS while controlling BAS across levels of FAS. While there is a tendency for critical lure false alarms to be lower with shorter lists, studying six associates of critical lures produces robust false memory (e.g., Robinson and Roediger, 1997).



TABLE 1. The 28 six-word study lists with three critical lures, the general theme for each pair of high- and low-FAS list, and the forward associative strength (FAS) condition for each list.
[image: Table1]

The FAS values for each critical lure word (lure word FAS hereafter) were determined by the sum of the probabilities that each critical lure produced its six associated words in free association. Similarly, the FAS values for each list (FAS list strength hereafter) were calculated as the sum of the FAS values for the three critical lures (similar to Robinson and Roediger, 1997; Beato and Díez, 2011; Beato and Arndt, 2014). BAS values, measured as the probability that study items produced critical lures in free association, were similarly calculated for both critical lures and lists.

There were 14 “general themes” in the lists (e.g., music). For each theme, we built two different six-word study lists. One of the two study lists per general theme included six associates that had relatively stronger FAS relations to critical lures (high-FAS lists hereafter) and the other included six associates that had relatively weaker FAS relations to critical lures (low-FAS lists hereafter). For example, for the general theme “music” the high-FAS critical lures were CLARINET (FAS=0.660), TRUMPET (FAS=0.727), and TUBA (FAS=0.576), each of which had forward associations to the study items instrument, music, horn, flute, band, and blow. The low-FAS critical lures for the same theme were TROMBONE (FAS=0.275), TRUMPET (FAS=0.202), and TUBA (FAS=0.210), each of which had forward associations to the study items band, loud, flute, brass, clarinet, and blow. Lists constructed with high-FAS list strength (M=1.641; SD=0.367; ranged from 1.073 to 2.301), and low-FAS list strength (M=0.787; SD=0.183; ranged from 0.454 to 1.112) reliably differed from one another, t(26)=7.79; p<0.001, d=2.94, 95% CI [0.63, 1.08]. Further, there was a wide variability in FAS, such that FAS list strength ranged from 0.45 to 2.302 and lure word FAS ranged from 0.127 to 0.865. Finally, we constructed lists in a way that controlled mean levels of BAS across the stimulus sets that varied in FAS (M=0.34 and M=0.29, for the high- and low-FAS lists, respectively), t(26)=0.37; p>0.05, although BAS still varied substantially across stimulus sets and for the critical lures within a stimulus set. Table 2 reports FAS and BAS values per critical lure.



TABLE 2. Forward associative strength (FAS) condition, mean percentages of true recognition (TR) and false recognition (FR) per list, mean percentages of false recognition per critical lure, and FAS and BAS values per critical lure were included.
[image: Table2]

Finally, we built five additional six-word lists, each with three critical lures (see Table 3), to be used as unrelated distractors and unrelated critical-lure distractors on the memory tests. Distractor lists were constructed to ensure that they were associatively unrelated to study items (Nelson et al., 1998) following a procedure similar to that used to construct study lists, such that FAS list strength ranged from 0.93 to 1.46. The recognition memory test included 168 words randomly intermixed: the 84 studied words, the 42 critical lures, and 42 distractors (15 unrelated critical-lure distractors, 27 unrelated distractors).



TABLE 3. Five six-word distractor lists with three critical lures, general theme, and FAS were included.
[image: Table3]



Procedure

First, participants were informed about the nature and procedure of the study and signed a consent form. Participants were tested individually and were instructed that their task was to remember the words as best they could, because they would be given a memory test later in the experiment.

Each participant was presented with the study items from 14 lists, one list per general theme (seven high-FAS lists and seven low-FAS lists). General themes’ high-FAS lists and low-FAS lists were presented equally often across participants. Further, we confirmed that no associates or critical lures were repeated within the stimuli experienced by a participant. Study items were presented individually on a computer screen for 2,000ms with a 500-ms ISI blocked by DRM list. The associates within each list were arranged in decreasing order of FAS. The order of list presentation was randomized for each participant. At the conclusion of the study phase, participants completed a self-paced recognition memory test, where they were asked to determine whether each word was previously studied by pressing the “O” key to indicate it was OLD, and the “N” key to indicate it was NEW.



Power Analysis

We evaluated the power to detect the effects of FAS on false recognition using the three strategies highlighted above using G*Power (Faul et al., 2007, 2009). When participants were used as the unit of analysis, our sample size of 40 was sufficient to detect a large effect (dz=0.5), with power=0.869. However, the power to detect a medium-sized effect (dz=0.3) was considerably smaller, 0.457. When study lists (N=28) were used as the unit of analysis for correlations, the power to detect a large effect (ρ=0.5) was 0.799, which is near the conventionally-preferred level of 0.80 (Cohen, 1988). However, the power to detect a medium-sized effect (ρ=0.3) was considerably lower, 0.348. Finally, when critical lures (N=84) were used as the unit of analysis for correlations, the power to detect a large effect (ρ=0.5) and a medium-sized effect (ρ=0.3) were both sufficient by conventional standards, with power of 0.999 and 0.800, respectively.



Data Analysis

Given the relatively modest levels of power to detect medium-sized effects in most of our analyses, we chose to analyze our data using both standard null-hypothesis tests and Bayesian analysis (Kass and Raftery, 1995), which allows quantification of the strength of the evidence for the null and alternative hypothesis. We conducted standard analyses that treat FAS as a categorical variable (e.g., t-tests) and as a continuous variable (correlation) to assess its relationship to false recognition. We also conducted correlational analyses on a variety of other characteristics of our stimuli (Nelson et al., 1998) to evaluate how well semantic memory variables other than FAS predicted false recognition (see, e.g., Brainerd et al., 2008). As highlighted above, these analyses were conducted using study lists’ characteristics as the unit of analysis and using critical lures’ characteristics as the unit of analysis. Finally, we conducted Bayesian analyses using JASP (Version 0.14.1; JASP Team, 2020) to quantify the strength of the evidence for the observed statistical outcomes using BF10. BF10>1 supports the alternate hypothesis, and a BF10<1 supports the null hypothesis. Importantly, BF10 between 3 and 20 is signifies positive evidence for the alternate hypothesis, BF10 between 20 and 150 signifies strong evidence for the alternate hypothesis, and BF10 greater than 150 signifies very strong evidence for the alternate hypothesis (Kass and Raftery, 1995). Similarly, BF10 between 0.33 and 0.05 is signifies positive evidence for the null hypothesis, BF10 between 0.05 and 0.0067 signifies strong evidence for the null hypothesis, and BF10 below 0.0067 signifies very strong evidence for the null hypothesis.3




RESULTS

Table 2 reports the mean percentage of true recognition per list and false recognition per critical lure and list, while Table 4 reports the mean percentage of true and false recognition as a function of FAS and whether items were studied, critical lures, unrelated critical-lure distractors, or unrelated distractors.



TABLE 4. Mean percentage of true recognition and false recognition as a function of FAS, as well as baseline false alarm rates to unrelated critical-lure distractors and unrelated distractors.
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False Memory Effect

A one-way repeated-measures analysis of variance (ANOVA) was used to compare the percentage of old judgments to studied words, critical lures, unrelated critical-lure distractors, and unrelated distractors. This analysis revealed a significant difference, F(3, 117)=521.535; p<0.001, η2p=0.930. Bonferroni post-hoc tests showed that hits to studied words (true recognition; M=73.48, SD=13.06) were higher than false alarms to critical lures (false recognition; M=19.35, SD=10.64), unrelated critical-lure distractors (M=5.67, SD=7.78) and unrelated distractors (M=5.92, SD=7.45; p<0.001 for all comparisons). There were also significant differences between false alarms to critical lures and both unrelated critical-lure distractor and unrelated distractor items (p<0.001). There was not a reliable difference between the two types of unrelated distractors (p>0.05). Thus, the stimuli we constructed for this study produced the typical DRM false memory effect.



True Recognition, False Recognition, and FAS

The percentage of hits (true recognition) and false alarms to critical lures (false recognition) as a function of FAS is presented in Table 4. FAS did not impact hits, t(39)=0.630; p=0.532, d=0.09, BF10=0.206, or false alarms to critical lures, t(39)=0.868; p=0.391, d=0.13, BF10=0.242. The BF10 values for hits and false alarms to critical lures indicate positive support for the conclusion that FAS failed to impact true and false recognition.

We also examined the relationship between FAS and false recognition using correlation. Our DRM lists included three critical lures per list, which allowed us to correlate FAS list strength and lure word FAS with false recognition separately. Neither of these analyses produced a significant correlation [r(26)=−0.026, p=0.895, BF10=0.237 for FAS list strength; r(82)=0.047, p=0.668, and BF10=0.149 for lure word FAS]. The BF10 values for these correlations again indicate positive evidence that FAS was unrelated to false recognition. It is important to note that these null correlations occurred despite there being substantial variability in false recognition across lists and critical lures. For example, some high-FAS lists yielded high levels of false recognition, such as the list with the critical lures BURGLAR, THEFT, and THIEF (45%), whereas other high-FAS lists produced very low levels of false recognition (e.g., SOCCER, SOFTBALL, and VOLLEYBALL list, 3%). In low-FAS lists, we also found wide differences in false recognition, ranging between 37% (DEAD, DEATH, and DIE list) and 5% (COMMENT, REMARK, and SUGGEST list).

Although FAS was unrelated to false recognition, we sought to explore whether other stimulus characteristics were related to false recognition. Thus, we correlated the characteristics of the study words included in the lists with the overall level of false recognition produced by that list (i.e., averaged across the three critical lures). The variables examined in these analyses were BAS, interconnectivity among the associates included in the lists (sum of the FAS and BAS of all possible pairings of study items and critical lures), associates’ set size, associates’ concreteness, the mean connectivity among lists’ associates, the probability of a resonant connection, and resonant connection strength (Nelson et al., 1998). The only reliable correlation found in these analyses was between false recognition and BAS, r(26)=0.643, p<0.001, BF10=152.01, indicating very strong evidence that false recognition and BAS were related.4

We also conducted correlational analyses between false recognition and critical lure characteristics. We computed each critical lure’s average BAS with study items, frequency of occurrence, concreteness, set size (i.e., number of different words produced by a critical lure), density (i.e., mean connectivity among all critical lure associates), accessibility index (i.e., number of word that produced the critical lure as a response), resonant connections (i.e., number of critical lure’s associates that produced it as an associate), and resonant strength (i.e., associative strength from all the words produced by the critical lure to the critical lure; Nelson et al., 1998). This analysis showed there were significant correlations between false recognition and critical lures’ BAS, r(82)=0.662, p<0.001, BF10>1,422,000,000, frequency, r(82)=0.388, p<0.001, BF10=95.27, resonant connections, r(82)=0.463, p<0.001 BF10=2099.64, resonant strength, r(82)=0.470, p<0.001, BF10=2982.68, and accessibility, r(82)=0.479, p<0.001, BF10=4735.24. For each correlation, BF10 indicated strong or very strong evidence each variable was positively related to false recognition.




DISCUSSION

The empirical and theoretical aim of this research was to analyze the effect of FAS on false recognition. In order to do this, we constructed stimulus sets that varied widely in FAS. The results of this study showed that false recognition was robust. Moreover, there was wide variability in false recognition rates per list, ranging from 3 to 45%. Thus, there was substantial variability in both false recognition and FAS, which is critical for assessing if there is a relationship between FAS and false recognition.

Despite empirical conditions that were conducive to observing a relationship between FAS and false recognition, no such relationship was found. This finding replicates previous research that has failed to find a relationship between FAS and false recognition (e.g., Roediger et al., 2001; Gallo and Roediger, 2002; Beato and Arndt, 2014), but stands in contrast to research that has found a reliable relationship between FAS and false recognition (e.g., Brainerd and Wright, 2005; Arndt, 2012b, 2015). Importantly, interpretation of the present results is not complicated by restricted range in FAS, a concern that has been advanced to explain the finding of Roediger et al. (2001) that FAS was not correlated with false recognition (see Brainerd and Wright, 2005). Finally, the present results extend prior findings of a null correlation between FAS and false recognition to DRM lists related to multiple critical lures.

Although FAS failed to predict false memory, our correlational analyses produced several notable results. Most importantly, BAS was associated with false recognition. This association is particularly notable because we sought to control the mean levels of this variable across the high- and low-FAS conditions. Despite this constraint, BAS was strongly correlated with false recognition, replicating extensive evidence that BAS is a reliable predictor of false memory (e.g., Roediger et al., 2001; Gallo and Roediger, 2002; Arndt, 2012b, 2015; Beato and Arndt, 2017). Beyond BAS, our correlational analyses found that the factors that were correlated with greater false recognition generally measured the extent to which a critical lure is activated by the study of its associates, such as resonant connections and resonant strength. Thus, these measures may reflect, like BAS, how active a critical lure’s representation is following study of its associates (Roediger et al., 2001).

At a theoretical level, the present results fit most naturally with associative activation views of false memory (Roediger et al., 2001; Howe et al., 2009b). These views posit that spreading activation from study item representations to critical lure representations plays a key role in producing false memory. Two cardinal predictions from these theories are upheld by the present data. First, that the primary driver of false memory is the extent to which study items activate lure representations in semantic memory, and thus the extent to which lure items can be confused with episodically-experienced items. This activation is most directly measured by BAS in word association norms. Second, that associative variables, which are unrelated to how much study items activate critical lures’ representations, such as FAS, will not affect false memory. Both of these predictions were supported in the present study, despite the fact that we implemented a strong manipulation of FAS between lists and sought to control BAS across levels of that manipulation.

In addition to favoring associative-activation theories of false memory, the present results are puzzling from the perspective of theories highlighting the role that the similarity between study items and critical lures in semantic memory plays in producing false memory (Arndt and Hirshman, 1998; Brainerd et al., 2008; Arndt, 2012a; Brainerd et al., 2020). In particular, these views suggest that false memory increases with the similarity between study items and lure items, as well as the extent to which study lists’ gist is encoded during study (Brainerd et al., 2020). Thus, FAS, BAS, and other measures of semantic memory activation should increase critical lure false memory. In contrast to this expectation, FAS failed to produce differences in false memory in this study, despite our intentional and substantial manipulation of this variable. In addition, FAS failed to correlate with false recognition, both when measured based upon study list characteristics and when measured based upon critical lure characteristics. Finally, in our analysis of list-wide semantic memory variables with false recognition as well as critical lures’ semantic memory characteristics, the only correlation we found in both sets of analyses was between BAS and false recognition.

One set of outcomes from the present study may be taken as partial evidence favoring the view that similarity among study items enhances gist encoding, which is hypothesized to play a role in false memory production (Brainerd et al., 2008, 2020). In our analyses of semantic memory variables associated with false memory, several semantic memory variables, such as critical lures’ word frequency, resonant connections, resonant strength, and accessibility were all correlated with false recognition. While this broader set of semantic memory variables associating with false recognition is consistent with general semantic memory activation underlying false recognition (Brainerd et al., 2008), it is critically important that other key semantic variables, such as connectivity, failed to correlate with false recognition (Brainerd et al., 2020).5 Indeed, it has been suggested that connectivity can serve as a proxy measure for a study lists’ gist, since it assesses inter-relationships among studied items, which can be viewed as assessing, in part, the semantic relationships among studied items that are thought to underlie a study list’s overall gist (Brainerd et al., 2020). Thus, while views proposing that non-associative semantic memory activation underlies false memory are consistent with some aspects of the present data, the correlations observed in our results were (1) not as wide-ranging as would be expected if semantic memory activation is the primary basis for false memory and (2) not reliable for key variables thought to be proxy-measures of gist processing during encoding.

In closing, we wish to emphasize four key points. First, we failed to observe a correlation between FAS and false recognition, despite using conditions that provide an excellent opportunity for such a relationship to be found. Second, we observed a positive relationship between BAS and false recognition, despite not directly attempting to manipulate BAS in this study. Third, both of these results occurred when we assessed the relationship between list-wide associative strength and false recognition as well as when we assessed the relationship at the level of individual critical lures. Importantly, because the FAS and BAS results occurred regardless of the method we used to calculate FAS, BAS, and false recognition, it suggests that the relationships we observed in this study are products of the nature of the associations between study lists and critical lures. Fourth, and finally, these results favor activation-based explanations of false memory (Roediger et al., 2001; Howe et al., 2009b) over similarity-based explanations (Arndt and Hirshman, 1998; Brainerd et al., 2008; Arndt, 2012a; Brainerd et al., 2020). Thus, these results best support the view that study items in the DRM paradigm activate critical lures’ representations during encoding, which leads critical lures to be falsely recognized on a subsequent memory test.
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FOOTNOTES

1The astute reader will notice that some words are repeated across the two sets of critical lures and study items. As is clarified in the method section, participants studied either the strong or weak FAS lists for a given general theme. Thus, the overlap in specific stimulus items is not problematic for assessing the effects of FAS on false recognition.

2The range of mean FAS values was between 0.025 and 0.128. The use of the sum or mean of FAS values to determine FAS list strength and lure word FAS does not alter in any way the conclusions obtained in the different analyzes as they are linear transformations of one another.

3The BF10 values that quantify support for the null hypothesis are computed as the multiplicative inverse of the BF10 values that quantify support for the alternate hypothesis.

4While it may seem unusual that BAS was related to false recognition because we controlled BAS across the high- and low-FAS conditions, the method we used to equate BAS across FAS conditions only ensured that the mean BAS values were comparable across high- and low-FAS lists. Thus, this method left substantial variability in BAS across lists, which allowed the possibility that correlational analyses would reveal the impact of BAS on false recognition.

5Connectivity was not correlated with false recognition when study lists were used as the unit of analysis [r(26) = 0.025, p = 0.901, BF10 = 0.236] and was negatively correlated with false recognition when critical lures were used as the unit of analysis, albeit not significantly so [r(82) = −0.180, p = 0.102, BF10 = 0.507]. While BF10 for this latter correlation falls in the range, where it fails to provide support for the null hypothesis, evaluating the statistical hypothesis that connectivity and false recognition were positively correlated, as gist-based perspectives predict, produces a value of p of 0.949 and a BF10 = 0.054, which falls in the range of positive evidence that the two variables are unrelated, and is close to the range where the evidence is considered “strong.”
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Non-invasive transcranial direct current stimulation (tDCS) over the left anterior temporal lobe (ATL) has been shown to cause a reduction in the rate of false memories with semantically related words. Such a reduction seems to be specific to false memories induced by the study of associative lists, but is not observed when the studied lists are categorical in nature. These findings are interpreted as evidence that the left ATL functions as an integration hub that is crucial for the binding of semantic information into coherent representations of concepts. In order to investigate whether the right ATL might also contribute to semantic integration in the processing of verbal associative material, a follow-up tDCS study was conducted with the stimulation at study lateralized on the right ATL. A sample of 75 undergraduate students participated in an experiment in which they studied 8 associative lists and 8 categorical lists. One third of the participants studied all their word lists under anodal stimulation, another third studied under cathodal stimulation and the other third under sham stimulation. Results showed that stimulation of the right ATL by tDCS does not modulate false recognition for either association-related critical words or category-related critical words. These results provide preliminary support to views positing asymmetric connectivity between the anterior temporal lobes and the semantic representational network, and provide evidence for understanding bilateral brain dynamics and the nature of semantically induced memory distortions.

Keywords: false memory, DRM paradigm, right anterior temporal lobe, semantic memory, brain stimulation


INTRODUCTION

Research on memory distortions using the Deese, Roediger-McDermott (DRM) paradigm (Deese, 1959; Roediger and McDermott, 1995) has consistently shown that presenting a list of words associated with a critical word not presented for study produces high levels of false recall and false recognition of that critical word (Gallo, 2006, 2010). There is strong evidence of a relationship between the memory illusion typically obtained with the DRM paradigm and aspects of semantic representation and processing (Gallo, 2010; Roediger and Gallo, 2016). A number of studies have demonstrated that this kind of memory distortions in list-learning experiments is critically modulated by the nature of lexical, semantic or structural similarity between to-be-remembered items and their related critical words (see Coane et al., 2021 for a recent review). And it has also been shown that many experimental manipulations that favor the processing of semantic characteristics of the studied words (e.g., meaning-oriented processing, relational processing, presentation of the material in meaning-consistent blocks, etc.) can cause an increase in false memories (Tussing and Greene, 1997; Thapar and McDermott, 2001; McCabe et al., 2004). Convergently, patient studies describe false memory effects that are modulated by the involvement of damaged semantic brain networks. As an example, patients with semantic dementia or fronto-temporal dementia, characterized by damage to the anterior temporal lobe (ATL), tend to show a reduction in false memories with DRM or similar tasks that require the construction of the general meaning or representation of the “gist” that summarizes the semantic characteristics common to studied list items (Simons et al., 2005; de Boysson et al., 2011).

In line with these findings, experiments with neuroimaging and non-invasive brain stimulation techniques in brain-intact participants have also shown the involvement of the ATL in the formation and modulation of false memory production with the DRM paradigm. Using fMRI, Chadwick et al. (2016) showed that the pattern of activation in the ATL while reading DRM lists predicted false recognition of the critical words associated to those lists. Going beyond correlational evidence, Gallate et al. (2009) found that altering the normal functioning of the left ATL using low-frequency repetitive transcranial magnetic stimulation (rTMS) reduced the probability of false recognition of the critical word without altering correct recognition. Consistently, Boggio et al. (2009) found a similar decrease in false recognition with anodal stimulation using transcranial direct current stimulation (tDCS) on the ATL, again with no stimulation effects on veridical memories. And more recently, Díez et al. (2017) found that the involvement of the ATL in this type of memory illusions depended on the kind of semantic relationship between the words in the list and the unstudied critical word. In their study, they applied transcranial direct current stimulation (anodal/cathodal/sham) in the left ATL and manipulated the type of semantic relationship (associative vs. categorical) between the words in the list and the critical items. The results of this study showed a significant reduction in false recognition with anodal stimulation in the left ATL, but only for those lists that had an associative relationship with the corresponding critical word. Although including only a small subset of the available evidence, the previous examples implicate that associative false memories are byproducts of relatively high-order semantic processes and that the ATL is a critical brain area for the representation of conceptual meaning.

One way in which the involvement of the ATL in the production of false memories can be more thoroughly understood is proposed by the “hub-and-spoke” model, a theoretical view that assumes that experiences (verbal and non-verbal) provide the basis for the formation of concepts and that this source of information is encoded in modality-specific areas distributed throughout the brain (the spokes). The model also assumes intermodal interactions for that specific information, mediated by a transmodal hub located in the ATL (Patterson et al., 2007; Lambon Ralph and Patterson, 2008; Lambon Ralph et al., 2010; Binney and Lambon Ralph, 2015; Patterson and Lambon Ralph, 2016). The model has more recently been enriched by the addition of proposal for a semantic control network and its brain correlates (Lambon Ralph et al., 2017; Chiou et al., 2018). In this framework, the anterior temporal region of both hemispheres would function as an integration hub, specialized in integrating modality-specific information from distributed brain areas to form coherent conceptual representations (Wong and Gallate, 2012; Bonner and Price, 2013; Lambon Ralph, 2014; Lambon Ralph et al., 2017).

The hub-and-spoke model, as developed to this moment, has been rather successful in accounting for a wide range of empirical findings, involving both healthy participants and brain-compromised patients. And it has also been formally validated in computational simulations (Hoffman et al., 2018). However, further evidence-based specification is needed regarding some particular aspects, such as the extent to which structures and networks in both sides of the brain play equivalent roles in the representation of semantic cognition. And along these lines, a question remains as to whether the left and the right ATLs have the same representational functions or contribute similarly to conceptual processing. There is sufficient clinical and experimental evidence to support a bilateral involvement of the ATL in semantic processing. What is not so clear, however, is whether both structures are as symmetric in terms of semantic processing as initially assumed. An alternative position is that there is hemispheric specialization of the ATL, with the left side specialized in verbal semantic representation and the right side specializing in non-verbal semantic representation (Gainotti, 2011, 2012). Indeed, data from several studies suggest that semantic impairment could be modality-specific in the early stages of the disease, with significant asymmetries between the left and right ATLs. In these cases, a more atrophic left ATL tends to have effects on lexical-semantic knowledge, while an atrophy in the right ATL tends to affect pictorial representations (Snowden et al., 2004). The hypothesis that the ATL in both hemispheres is asymmetric in terms of semantic processing is also supported by the conclusions of a large meta-analysis of neuroimaging studies (Rice et al., 2015b), with the data pointing toward a more lateralized left ATL involvement in semantic tasks that required the processing of verbal stimuli (Rice et al., 2015a).

In an attempt to provide further evidence, the present study examined the role played by the right ATL in the conceptual processing manifested in the production of false memories upon studying word lists of semantically related items. Such memory distortions are, in large part, a consequence of higher-order semantic processing, the kind of processing in which the ATL is purportedly involved. As mentioned above, this has been shown in prior studies in which modulating neural activity in the left ATL via non-invasive stimulation caused a reduction of false recognition (Boggio et al., 2009; Gallate et al., 2009), with the reduction particularly affecting false recognition of items that had an associative relationship with the studied material (Díez et al., 2017). Following this rationale, in the present study we aimed to modulate activity in the right ATL by using tDCS.

tDCS involves the delivery of a low-level intensity current by a battery-driven stimulator. The conventional procedure requires two electrodes (anode and cathode) with at least one of them being placed on the scalp. The current passes from anode to cathode and this current has been shown to modulate the neurons' electrical activity. While this current is not sufficient to induce action potentials, research has revealed that tDCS may change the response threshold of the reached neurons (Bindman et al., 1964; Brunoni et al., 2011). Specifically, and based on findings derived from research that mainly focused on motor cortices (i.e., Nitsche and Paulus, 2001), it is usually stated that anodal tDCS increases neuronal excitability (by depolarization), and that cathodal tDCS decreases neuronal excitability (by hyperpolarization) (Nitsche and Paulus, 2000; Cambiaghi et al., 2010). Hence, and because anodal stimulation is sometimes associated with enhanced performance (i.e., Cerruti and Schlaug, 2009; Tanaka et al., 2009) and cathodal stimulation is sometimes associated with worse performance (Stagg et al., 2011; Young et al., 2013), it is frequently stated that anodal tDCS leads to facilitate brain functions whereas cathodal tDCS disrupts them (see Fertonani and Miniussi, 2017 for a critical view). However, and when these polarity-dependent effects are frequently reported, evidence accumulates to show that such effects are far from being straightforward both at the neurophysiological (i.e., Antal et al., 2007; Tanaka et al., 2020) or the behavioral level (i.e., Gómez-Ariza et al., 2017; Friedrich and Beste, 2018), with anodal tDCS sometimes giving rise to performance that is compatible with the disruption of brain functions (i.e., King et al., 2020) and cathodal tDCS sometimes producing enhanced performance (i.e., Brückner and Kammer, 2017). Despite this, and when the specific action mechanisms underlying the possible behavioral effects of tDCS in humans remain largely unknown and are thought to depend on a number of factors (i.e., brain activity prior to stimulation, current intensity, targeted brain area/network), tDCS is considered a useful technique to better understand the neural substrates of cognition (Berryhill et al., 2014; Filmer et al., 2014; Bestmann et al., 2015).

The number of tDCS studies on (long-term) memory has increased over the years, even though the variability of stimulation protocols (i.e., electrode montages, duration…), goals (i.e., applied vs. basic research), employed memory tasks (i.e., associative vs. item memory) and memory-related processes (i.e., encoding vs. retrieval) is considerable (for a systematic review and meta-analysis on episodic memory, see Galli et al., 2019). Many of these studies seek to enhance performance by stimulating specific brain areas/networks thought to play a pivotal role in either encoding or retrieval processes. In other cases, studies using tDCS aim to test theoretically-guided hypothesis on the involvement of certain brain regions in memory processes or representations. Thus, for example, Leach et al. (2019) showed, in younger adults, that anodal stimulation over the left dorsolateral prefrontal cortex during a face-name encoding task improved associative memory. And Bjekić et al. (2019) found that anodal tDCS over either the left or the right posterior parietal cortex led to better performance on two different associative memory tasks. Interestingly, tDCS has also been used to dissociate the role of distinct memory-related brain areas. Pisoni et al. (2015), for example, showed that while tDCS over the left temporal cortex modulated recognition for studied items, stimulation over the right parietal cortex allowed participants to better identify new items (for other examples of dissociations see Pergolizzi and Chua, 2016, or Smirni et al., 2015).

Of special relevance here, tDCS has now been shown to be effective in modulating neural activity associated with representational aspects of semantic processing, sometimes contributing to hemispheric dissociations. Thus, for example, relative to sham or cathodal stimulation, anodal tDCS of the posterior superior temporal gyrus, which subsumes Wernicke's area, has been shown to lead participants to come up with associates that are more representative of the basic-level category of a presented image that worked as a cue. Similarly, anodal tDCS over the same temporal subregion was found to speed up the identification of meaningful word pairs, but not non-meaningful ones (Price et al., 2016). Interestingly, stimulation of the homologous region in the right hemisphere made participants faster at judging whether two words were semantically related by a subordinate meaning (Peretz and Lavidor, 2013). Hence, it would seem that the effects that tDCS over the temporal lobe have on semantic associations are hemisphere specific. Stimulation of the right hemisphere would seem to modulate semantic processing of subordinate and indirect associations, whereas tDCS of the left temporal lobe would modulate more semantically related concepts. Moreover, some tDCS studies have revealed laterality-dependent memory improvements, with memory for visuospatial information being modulated with right temporoparietal stimulation and memory for verbal information being modulated with left temporoparietal tDCS (i.e., Fiori et al., 2017; Antonenko et al., 2018).

Hence, we aimed to explore if the right ATL has an equivalent role to its left homologous in the production of semantic-based memory errors by modulating its neural activity via tDCS. If this was the case, tDCS over the right ATL should result in changes in the production of false memories, particularly of the associative kind. In order to test this prediction, and closely following the design employed by Díez et al. (2017), tDCS (both anodal and cathodal) was delivered over the right ATL to evaluate its effects on false memory with the DRM paradigm, using lists of words that maintained either associative or categorical relationships with their unstudied critical words. If the ATL of the two hemispheres had the same functionality in terms of semantic processing, tDCS of the right ATL should lead to a reduction in false recognition of associative critical words, without affecting either true recognition or false recognition in categorical lists. If, on the other hand, the functionality of the ATL is not equivalent in the two hemispheres, such a pattern of results should not be found following anodal stimulation of the right ATL. Because of the scarcity of studies combining DRM and non-invasive stimulation, and also because of our limited current knowledge on the neurophysiological effects of tDCS when applied outside sensory/motor cortices (see above), we were reluctant to make specific a priori predictions regarding type of lists and polarity effects for the case that the right ATL were actually different in semantic functionality from the left ATL. However, the results of the experiment could still be relevant to further understand bilateral brain dynamics and the nature of semantically-driven memory distortions. With this last goal in mind, the design of the experiment was not only aimed toward a standard quantitative assessment of true and false memory performance in the different stimulation conditions, but it was also supplemented to characterize the subjective feelings of recollection and familiarity in their recognition responses and their possible dependence on the role played by the right ATL. To this end, the remember/know (R/K) testing paradigm originally devised by Tulving (1985) was implemented and included in the final memory test. In a study by Pergolizzi and Chua (2015), bilateral tDCS on the parietal cortex failed to show any effect on R/K responses, but whether subjective determinants of recognition are to some degree affected by stimulation-induced changes in the functioning of the ATL is an unexplored question.



METHODS


Participants

A total of 78 undergraduates were recruited from the student population at the University of La Laguna, Spain. All were native speakers of Spanish, with normal o corrected-to-normal vision, and they all gave written informed consent for their participation in the study. They received course credit as a basic compensation. Their ages ranged from 18 to 30 years (M = 19.98; SD = 2.72), and 82% were female.

The sample size was determined in advance to be at least the double of the most similar tDCS studies with significant reported effects (e.g., Boggio et al., 2009; N = 10 subjects by stimulation condition) and also considering the range of those used in standard DRM experiments, and the results of a power analysis performed with G*Power (Faul et al., 2007). We estimated the sample size to obtain an effect size similar to that obtained in the Díez et al. (2017) paper for the stimulation group X list type interaction ([image: image] 0.10, F effect size of 0.33, i.e., a medium effect size) in a repeated measures within-between interaction (2 -categorical and associative- and 3 -stimulation groups-, respectively) and the results revealed that to achieve 0.80 power we needed a minimal sample size of 27 subjects.

All participants were right-handed, according to the Edinburgh Handedness Inventory (Oldfield, 1971), and they were randomly assigned to one of three experimental conditions. Following standard procedures in experiments involving tDCS, the participants were screened and excluded if they reported any psychiatric, psychological or neurological disorder or if they reported brain injuries, migraines, epileptic seizures or family history of epilepsy. The institutional ethical committee of the University of La Laguna approved the protocol, and the study was conducted in compliance with the Declaration of Helsinki (World Medical Association, 2013). Data from three participants were excluded from the analysis for failing to meet an accuracy criterion set for the recognition task1. The results obtained using the data from the remaining 75 participants (25 in each stimulation condition: anodal, cathodal and sham; 20, 22, and 22 females, respectively) are presented in this report.



tDCS

Stimulation was delivered by a battery-driven electrical stimulator (TCT Research Ltd.) with an intensity of 2 mA. Following the stimulation protocol used by Díez et al. (2017), the current was transferred by two 5 × 7 cm rubber electrodes covered with saline-soaked sponges. For anodal stimulation, the anode was placed over site FT10 (BA 38/20), according to the International 10-10 System for EEG electrode placement, and the cathode was placed on the contralateral shoulder. For the cathodal stimulation, the cathode was placed over site FT10 and the anode was placed over the contralateral shoulder. Site FT10 is considered the closest electrode location to the right ATL (Acharya et al., 2016). Stimulation was applied for 20 min in both the anodal and cathodal conditions, using 10-s fade in/out ramps. For the sham stimulation condition, the electrodes were placed in the same positions as in the active stimulation conditions, with current ceasing to be applied after 60 s of stimulation. All participants completed the session without major complains or discomfort.



Stimuli

The stimuli were the same previously used to successfully induce false memories in the tDCS study by Díez et al. (2017) and consisted of 24 critical words (CW) each related with two separate word lists: one associative list and one categorical list. The associative list was constructed selecting the first 10 associates of the CW on the basis of their backward associative strength (BAS), obtained from Spanish free-association norms (Fernandez et al., 2004, 2014). The categorical list was built selecting 10 words belonging to the same category as the CW, according to normative data in Spanish (Marful et al., 2015). Thus, for the CW book, the associative list consisted of the words author, foreword, chapter, page, volume, edition, reading, read, epilogue, and reader. For the same CW, the words in the categorical list were magazine, newspaper, novel, encyclopedia, article, story, comic, notes, notebook, and dictionary.

Sixteen word lists (8 associative and 8 categorical) were presented to each subject. The remaining 8 CWs and their corresponding lists served as control CWs and distractors in the recognition test. A counterbalanced assignment of lists to subjects was used to ensure that all word lists were displayed in all the different study conditions.



Procedure

The experiment took place in a quiet laboratory with only one participant per session. First, participants filled out a personal data sheet and a screening questionnaire about medical and psychological conditions, and they also signed an informed consent form. As in Díez et al. (2017), after electrode placement, and coincident with the time in which the stimulation was started, participants were asked to perform a pen and paper visual-search task for an idle time of 7 min, consisting in circling with a pen the letters “n,” “p,” and “c” in words of a text written in an unfamiliar language. We decided to have participants engage in a specific task to minimize variability in brain/cognitive activity during stimulation. Because the encoding phase lasted about 8.5 min, and taking into account the time needed for reading the instructions, stimulation (20 min) started before encoding. This type of stimulation (partially offline partly online, in this case online during encoding) tends to show larger effects than entirely offline before encoding (see Galli et al., 2019).

When the visual-search task ended, the participants received the experimental instructions on a computer screen. These instructions and all subsequent tasks were displayed and controlled by a computer running E-Prime 3.0 software (Psychology Software Tools, 2016). The participants were informed that they would listen to a series of 16 lists of words, and that following the presentation of all the lists they would have to work on a set of arithmetical problems and to perform a final memory test on the words previously presented in the lists. See Figure 1 for a schematic representation of the general procedure.


[image: Figure 1]
FIGURE 1. Schematic representation of the experimental procedure.


Following a standard DRM procedure, the words within each list were always presented in the same order, from higher to lower frequency in categorical production or BAS values. Words were presented aurally, one every 2 s. For each participant, a pseudorandom ordering of the 16-list sequence resulted in two subsets of 8 randomly distributed lists (4 categorical and 4 associative), with the last list followed by an on-screen distracting task that lasted 2 min. This task consisted of a series of three-term arithmetical problems presented with a solution that had to be checked for accuracy and required a yes/no response on the computer keyboard. After this task, stimulation was terminated and the participants performed a yes/no recognition memory test. The recognition test included a total of 64 words: the 16 CWs from studied lists (8 associative and 8 categorical), the 8 CWs from non-presented lists (control CWs), 32 studied words (words in position 2 and 7 in the studied lists), and 8 distracting non-presented words (words in position 2 in the non-presented lists). The words in the recognition test were displayed one by one on the center of the computer screen, preceded by a fixation point which lasted 750 ms, and were randomly presented for each participant. The participants were instructed to respond using the keyboard, indicating for each word whether they recognized it from the studied lists (old) or they thought it was a not studied (new) word. If the answer was “yes,” a remember/know judgement was required. The remember/know instructions were adapted from Guillory and Geraci (2010), who took them from Rajaram (1993). After the memory test was completed, all participants completed a questionnaire on tDCS adverse effects (Brunoni et al., 2011). Specifically, they were asked to report the degree to which they experienced a list of side-effects (Headache, Neck pain, Scalp pain, Tingling, Stinging/itching, Burning sensation, Skin redness, Drowsiness, Concentration problems, or Severe mood changes). None of them reported major complaints or discomfort associated with stimulation and, as shown in Table 1, all group means ranged from 1 to 1.92 (i.e., absent to mild). Only skin redness was found to be significantly greater for participants in the Anode and Cathode groups relative to those in the Sham group. The experiment finished with a short debriefing message explaining the experiment and with the request to not reveal details of the session to other students in the participant pool.


Table 1. Descriptive statistics (mean and standard deviations) of the responses to the questionnaire on tDCS adverse effects.
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Design

A mixed factorial design 3 × 2 × 4 was used, with type of stimulation (anodal, cathodal or sham) as a between factor, and type of list (associative or categorical) and type of word (studied, CW, control CW or distractor) as within factors. The dependent variables were derived from the recognition responses to each type of word and from the remember/know judgments.



Data Analysis

Data on hit rates and critical false alarm rates were analyzed with mixed design repeated-measures ANOVAs, using [image: image] as the effect size measure and reporting the corresponding 90% confidence intervals. Post-hoc comparisons were performed by way of Tukey's Honest Significant Difference tests. The standard ANOVAs were complemented with Bayesian repeated measures ANOVA analyses. Default priors were used with equal assignment of prior model probability across all models.

Non-parametric signal detection theory measures were used because of the impossibility to test parametric assumptions with yes/no recognition tasks, especially the equality of the signal and the noise standard deviations, and because in DRM tasks it is very common that some subjects have hit or false alarm rates of 1 or 0 (Donaldson, 1996; Stanislaw and Todorov, 1999). The formulas proposed by Zhang and Mueller (2005) were used to calculate non-parametric sensitivity (A) and bias (b). Since b = 1 denotes absence of bias, a logarithmic transformation was applied to convert the variable into a symmetrical one, with a value of 0 denoting absence of bias and negative values denoting liberal criteria and positive values denoting conservative criteria.

All statistical analysis was performed using R Statistical Software (version 4.0.2; R Core Team, 2020) and jamovi computer software (The jamovi project, 2021).




RESULTS

Table 2 shows recognition rates for all the experimental conditions and word types. Overall, across conditions, a strong false recognition effect was evidenced by the high recognition rates of CWs in comparison to those of other non-presented distractor words.


Table 2. Mean recognition results (standard deviation) as a function of type of list and type of stimulation.
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True Recognition

Data on hit rates (i.e., “yes” responses to studied words) were analyzed with a mixed design repeated-measures ANOVA, with tDCS (Anodal vs. Cathodal vs. Sham) as a between participants variable and with type of list (Associative vs. Categorical) as a within participants variable. There was a significant main effect of type of list, F(1,72) = 20.54, MSE = 0.01 p < 0.001, [image: image] = 0.22, 90% CI (0.09, 0.35). On average, the proportion of correct recognition was higher for categorical lists (M = 0.77; SD = 0.13) than for associative lists (M = 0.68; SD = 0.16). No other effects were statistically significant (both tDCS condition and interaction effects with F < 1), showing that the type of list effect was not modulated by tDCS (see Figure 2).


[image: Figure 2]
FIGURE 2. Mean proportion of correct recognition as a function of tDCS condition and Type of list. Error bars represent 95% confidence intervals (CIs).


The standard ANOVA was complemented with Bayesian repeated measures ANOVA analyses, conducted with jamovi computer software (The jamovi project, 2021). Default priors were used with equal assignment of prior model probability across all models. The results showed extreme evidence for the type of list effect (BF10 = 922.462), and substantial evidence for H0 compared to H1 in the stimulation condition (BF01 = 5.25) and interaction effects (BF01 = 4.44).

The 3 × 2 ANOVA on A sensitivity scores did not reveal a significant effect of stimulation condition (F < 1; BF01 = 8.60), type of list, F(1,72) = 1.01; p = 0.32; BF01 = 3.42, or interaction, F(2,72) < 1; BF01 = 4.17. The analysis on log(b) revealed a statistically significant effect of type of list, F(1,72) = 11.63, MSE = 0.14, p = 0.001, [image: image] = 0.14, 90% CI (0.04, 0.26), BF10 = 31.39, with associative lists (M = 0.62) showing a higher conservative response bias [log(b)] than categorical lists (M = 0.41). No other effects reached statistical significance, neither tDCS condition [F(2,72) = 1.16, p = 0.32; BF01 = 3.67 and] nor interaction effects (F < 1; BF01 = 7.82).

The analysis on Remember/Know responses2 revealed a significant effect for “remember” responses in type of list, F(1,72) = 12.82, MSE = 0.02, p = 0.001, [image: image] = 0.15, 90% CI (0.04, 0.27), BF10 = 40.96, with categorical lists (M = 0.54) showing more “remember” responses than associative lists (M = 0.46). No significant effects were observed for stimulation condition (F < 1, BF01 = 5.87) or for the interaction [F(2,72) = 1.12; p = 0.33, BF01 = 4.45).

For “know” responses to true recognized words no significant effects were observed as a function of stimulation condition, F(2,72) = 1.6; p = 0.19, BF01 = 6.39, type of list (F < 1, BF01 = 0.38) or the interaction (F < 1, BF01 = 4.87).



False Recognition

A 3 (tDCS condition: Anodal vs. Cathodal vs. Sham) × 2 (type of list: Associative vs. Categorical) mixed ANOVA on the false recognition rates (i.e., “yes” responses to CWs) showed a statistically significant effect of type of list, F(1,72) = 4.64, MSE = 0.03, p = 0.035, [image: image] = 0.06, 90% CI (0.002, 0.16), BF10 = 1.37. On average, false recognition was higher for categorical lists (M = 0.56; SD = 0.23) than for the associative lists (M = 0.50; SD = 0.27). No other source of variability reached statistical significance (both tDCS condition and interaction with F < 1, BF01 = 3.90 and BF01 = 4.27, respectively), which provides substantial evidence of the absence of an effect of tDCS over false recognition (see Figure 3).


[image: Figure 3]
FIGURE 3. Mean proportion of false recognition as a function of tDCS condition and Type of list. Error bars represent 95% confidence intervals (CIs).


The sensitivity analyses showed a significant effect of type of list, F(1,72) = 4.23, MSE = 0.02 p = 0.04, [image: image] = 0.06, 90% CI (0.0009, 0.16), BF10 = 1.42, with categorical lists (M = 0.83) showing a higher sensitivity rate (A) than associative lists (M = 0.79). No significant effects were found for the type of stimulation condition, F(2,72) = 1.19, MSE = 0.03, p = 0.31, [image: image] 0.03, BF01 = 4.48, or the interaction (F < 1, BF01 = 6.57). The analyses on log(b) did not reveal any statistically significant effect (F < 1, BF01 values of 5.71 for list type, 4.38 for stimulation and 7.62 for the interaction).

Finally, the proportion of Remember/Know judgments were calculated for false memories. There were no significant effects observed in “remember” responses for type of list (F < 1, BF01 = 5.67), type of stimulation, F(2,72) = 2.47, p = 0.09, BF01 = 1.42, or interaction (F < 1, BF01 = 6.19). A significant effect was observed in “know” responses as a function of type of list, F(1,72) = 5.87, MSE = 0.03, p = 0.018, [image: image] = 0.075, 90% CI (0.0071, 0.18), BF10 = 2.58. On average, the categorical lists showed more know responses (M = 0.29) than associative lists (M = 0.23). No significant effects were found in know responses for the stimulation condition (F < 1, BF01 = 6.43) or the interaction (F < 1, BF01 = 5.22).




DISCUSSION

The present experiment aimed to examine the extent to which the right ATL played the same role as the left ATL in semantic processing leading to the generation of false memories; more specifically, it employed a standard DRM paradigm and the application of tDCS to examine the involvement of the right ATL in the production of verbal false memories after studying word lists that, either associatively or categorically, were semantically related to unpresented critical words. On the basis of previous findings by Díez et al. (2017), it was predicted that if the ATL of both hemispheres contributed similarly to semantic processing, a decrease in false recognition in associative lists would be expected following stimulation of the right ATL.

Consistently with previous findings in the literature (Boggio et al., 2009; Gallate et al., 2009; Díez et al., 2017), true recognition was higher for categorical than for associative lists, and was unaffected by ATL stimulation. More relevant for the goal of the experiment, modulating neural activity of the right ATL using tDCS did not modify the elicitation of false memories, with Bayesian analyses showing substantial evidence in favor of the null hypothesis. Neither cathodal nor anodal stimulation altered the rates of false recognition as compared to sham stimulation, and that was true for both associative and categorical lists. A higher overall error rate for categorical lists was the only significant result, small in magnitude, and at odds with most of the reported findings in the false memory literature, with the exception of experiments in which there is a feature or thematic overlap between studied items and critical words that adds to existing associative links (e.g., Coane et al., 2016). In sum, tDCS of the right ATL failed to show effects that were comparable to previously demonstrated effects when the left ATL was stimulated. Pending replication and extension, this finding provides preliminary evidence for an asymmetrical view of the role of the temporal cortex in semantic processing when it comes to producing semantic memory illusions with the DRM procedure.

Studies focusing on how false memory production is affected by altered brain function (either as a consequence of brain damage or as the result of non-invasive stimulation in healthy participants) are not abundant, and even more scarce are studies focusing on the potential role of the ATL in the modulation of memory distortions. And with regard to the specific manipulation aimed at selectively modulating the activity of the right ATL with non-invasive brain stimulations techniques, the present study is, to the best of our knowledge, the first and only one. Still, the lack of evidence for hemispheric symmetry in the pattern of results is in line with recent findings in other related studies employing different methods. Thus, in a meta-analysis of fMRI studies of false memories, Kurkela and Dennis (2016) concluded that the involvement of the temporal cortex in the kind of semantic encoding that leads to false memory was lateralized to the left. More recent evidence for this kind of differential involvement of the two ATLs in verbal and non-verbal semantic processing has been provided by Woollams and Patterson (2018), working with a large sample of semantic dementia patients with lateralized lesions, and by Rice et al. (2018) in their study of a group of postsurgical temporal lobe epilepsy patients, with either left or right anterior temporal lobectomy. In sum, and regardless of which ultimately be the most likely explanation, the data from several years of studies of patients with compromised ATLs are consistent with the idea that the left ATL is prevalently involved in verbal aspects of conceptual processing, while the right ATL is more implicated in pictorial or non-verbal aspects (Gainotti, 2020).

It is also worth noting that the phenomenological experience of participants, as reflected in their remember/know judgments to true and false recognition responses, was not affected by tDCS, echoing prior null findings with stimulation of the parietal cortex (Pergolizzi and Chua, 2015). This finding suggests that the right ATL is not involved in the evaluative processes accompanying recognition decisions for the studied materials. While further systematic analyses are obviously needed, it is interesting that the left ATL has been reported to be involved in the familiarity judgments for verbal materials (e.g., Köhler and Martin, 2020). Given that in the present experiment (as in most other published reports with the DRM procedure) familiarity is as frequently involved as recollection in the production of false memories, additional evidence for the lateralization of familiarity, with a variety of procedures and materials, has the potential to contribute to a better understanding of recognition mechanisms in general and false recognition in particular.

Although the absence of stimulation-related modulation of false memories in the present study can be interpreted in terms of interhemispheric functional differences in the production of semantic memory illusions, other interpretations are also possible. The effects of tDCS on declarative memory are still poorly understood and difficult to replicate at times, most likely due to the multiple factors contributing to them (i.e., stimulation parameters, electrode montages, basal state-dependent neuromodulation, materials to be memorized). A recent meta-analysis of the effects of tDCS on episodic memory revealed that some moderator variables should be considered (Galli et al., 2019). Thus, for example, recall tasks seem to be more sensitive to anodal tDCS than recognition tasks (with cathodal tDCS the tendency seems to be the opposite), especially when associative memory is involved (i.e., Fiori et al., 2011; Flöel et al., 2012; Matzen et al., 2015). In addition, stimulating frontal regions tends to produce larger effects than the stimulation of temporal areas (Galli et al., 2019). Hence, even when the present study embraced a tDCS protocol that proved to be effective at modulating false recognition with the left ATL as the target area (Díez et al., 2017), it could be entirely possible that this protocol (i.e., the intensity of the electric current that is necessary to change the response threshold of the stimulated neurons) is not suitable to change neural activity in the right ATL. The same asymmetries (in anatomy and connectivity; Barrick et al., 2007) potentially producing differentiable functions between the two temporal lobes (left medial temporal regions involved in processing of verbal/ information vs. right homologous regions specially recruited during visual/ processing; Dalton et al., 2016) could also give rise to differences in neuromodulation effectivity. Moreover, it could even be the case that having both ATLs similar functional properties regarding semantic processing, the ability of tDCS to modify their functionality could be different in both hemispheres. Related to this, a recent HD-tDCS study found that stimulating BA22 in the right hemisphere (a site that is slightly more posterior than the target area in our study: BA38/20) modulated insight problem-solving (thought to require semantic integration) relative to sham and left frontopolar stimulation (Salvi et al., 2020). Hence, we recognize that an electrode montage different to the one used here should be considered in future studies. In addition, because false memory effects with DRM procedures are also robust when performance is assessed using recall tasks, future attempts to conceptually replicate the null effect of tDCS over the right ATL to modulate the production of semantic memory illusions should also consider memory tests of this kind that could be more sensitive to external modulations of neural activity.

Beyond the evidence on the asymmetrical involvement of the temporal cortex in semantic processing tasks, the results of the present experiment make a contribution to the quest for the neural correlates of activation and/or gist-formation processes (Roediger et al., 2001; Brainerd and Reyna, 2005) that result in false memory formation. And, when taken together with the findings that reveal a role for the left ATL in false recognition (e.g., Díez et al., 2017), constitute relevant evidence for the assumption that verbal false memories are, to a large extent, a consequence of higher-order semantic processing in the left lateral cortex. They also offer support to explanations of memory distortions by neuroscience-based semantic approaches that, like the hub-and-spoke model (Patterson and Lambon Ralph, 2016; Lambon Ralph et al., 2017), open the door to assume that such errors are critically related to integrative, conceptual processes taking place in the ATL. At the same time, these results point to the need for such models to be further expanded and replicated with independent samples, more inclusive in terms of characteristics such as gender or handedness, and to pay closer attention to the specifics of the particular brain areas involved in the different processes and subprocesses considering the combined use of NIBS and neuroimaging techniques.
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FOOTNOTES

1A non-parametric measure of response bias was calculated for each subject, and all the data from participants scoring above or below 1.96 SDs from the average bias in the total sample were excluded from the analyses. Following Díez et al. (2017), this screening procedure was aimed at excluding participants with extreme response patterns, as evidenced in their recognition responses (hit rates and false alarms) to the items.

2Remember/know scores were calculated as a proportion of the total possible responses in each condition. Analyses were also performed by calculating them as a proportion of the “yes” responses. These analyses showed no significant effects of tDCS, list type or interaction for either correct or false recognition.
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A pair of studies demonstrates that simply asking children to make a blatantly false accusation in the guise of helping others can result in both immediate and long-term false claims. In the pilot study, the initial willingness to make a blatantly false statement was associated with some children making false statements a week later despite being told that the first interviewer had made mistakes during the initial interview. On a positive note, the majority of participants accurately stated that they did not have first-hand knowledge of their accusation's accuracy. Across both studies, the rate of false accusation rates was high. The main experiment demonstrated that children who were young, possessed the lowest verbal intelligence or who were from the lowest SES homes made the most accusations. These findings illustrate not only the dangers of encouraging children to make false statements, but the ease and durability of making such false statements.
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INTRODUCTION

A large corpus of research has documented the deleterious effects of various interviewing behaviors. This research has demonstrated that children's report accuracy can be reduced as a result of providing either pre- or post-event misinformation. Pre-event misinformation that can damage children's report accuracy includes the provision of false stereotypes, rumors, inaccurate co-witness information, and unfulfilled expectations (e.g., Pynoos and Nader, 1989; Leichtman and Ceci, 1995; Garven et al., 2000; Principe et al., 2006). Similarly, post-event misinformation that can damage children's report accuracy includes misleading suggestions provided by an interviewer (e.g., Poole and Lindsay, 1995; Cassel et al., 1996), visualization inductions (Ceci et al., 1994), reinforcement (Garven et al., 1998, 2000), imagination-inflation techniques, and leading questions (Ceci, 1994; Ceci and Bruck, 1998; Bruck et al., 2006; Howe et al., 2009; Otgaar et al., 2016, 2017).

In addition to these suggestive techniques associated with report inaccuracy, a growing body of research has documented developmental trends in children's willingness to mislead interviewers. Talwar, Lee, and their associates have produced a large body of research on the developmental course and cognitive and social correlates of lie-telling (e.g., Talwar and Lee, 2002a,b, 2008; Talwar et al., 2007a,b; Talwar and Crossman, 2011; Evans and Lee, 2013). Lies told in the service of achieving selfish ends, such as gaining material rewards or escaping punishment, begin early during the pre-school years and are reduced in magnitude by middle childhood, whereas lies told in the service of socially desirable ends, such as pretending to appreciate an undesirable gift, tend to begin later. Both types of lies are associated with cognitive and social factors such as theory of mind, social skills, and parenting (e.g., Clarke-Stewart et al., 2004; Lavoie et al., 2016).

The current study builds on the developmental research on children's report inaccuracy and deception in several ways: first, we examine a context that differs from spontaneous lies generated to serve selfish or prosocial aims, namely, willingness to acquiesce to a blatantly false persuasion request, using a paradigm that has not been used for this purpose previously but which may have practical relevance to legal cases. Second, we are interested in the intersection between lies and false beliefs, asking whether the former can influence the latter as some have opined (e.g., Leichtman and Ceci, 1995; Zaragoza et al., 2001; Otgaar and Baker, 2018). Finally, we include sociodemographic variables that have only rarely been included in the memory development literature, but which theoretical research suggests could be important sources of systematic developmental variability (Bronfenbrenner and Ceci, 1994; Ceci et al., 2010). Very few studies have examined children's acquiescence to a misleading persuasion as a function of parent social class, which Talwar, Lee and their colleagues suggest may moderate children's acquiescence. We also include the role of verbal intelligence as a potential moderator; although it has received some attention (e.g., Roebers and Schneider, 2001; Chae and Ceci, 2005), it has heretofore not been studied in the context of acquiescence to blatantly false persuasion requests. The closest it has come to this context was a study by Clarke-Stewart et al. (2004) that found that 5-year-olds with the highest verbal intelligence were the most resistant to adult attempts at false persuasion.

Children may make statements about events they initially know to be false if the statements are suggested by adults who hold a priori beliefs about their authenticity. Adults may signal their beliefs through methods such as repeating specific misinformation during questioning (e.g., Warren et al., 1991; Leichtman and Ceci, 1995; Poole and Lindsay, 2001; Moore et al., 2018), offering praise, bribes or threats of punishment (Garven et al., 1998; Schreiber et al., 2006), rejecting or ignoring children's denials (White et al., 1997; Garven et al., 1998), and selectively reinforcing their incorrect statements (Zaragoza et al., 2001). Such social pressure can cause a child to make statements that, while consistent with the belief of the interviewer, are inconsistent with the child's actual perceptual experience (for a review see Ceci and Bruck, 1998; Bruck et al., 2006). Even mild forms of suggestion can increase inaccurate reports by children, such as descriptions of events by parents (e.g., Thompson et al., 1997; Poole and Lindsay, 2001), visualization inductions (Ceci et al., 1994) being informed that co-witnesses have made a disclosure (Principe and Ceci, 2002), stereotypes (Leichtman and Ceci, 1995; Moore et al., 2018), or even naturally-occurring conversations with parents and peers (Bruck et al., 1999; Principe and Schindewolf, 2012; Kim et al., 2017).

Once encoded, false memories can lead children to maintain inaccurate reports in later neutral interviews. Efforts to retrieve accurate memories following the creation of false memories—for instance by instructing children to say when they are unsure, or correcting the interviewer when she makes a false suggestion—often will not offset the impact of the false memory (e.g., Poole and Lindsay, 2001; Zaragoza et al., 2001), although there is some evidence that warning children that questions may be tricky does result in a small but significant reduction in errors (~5%) to suggestive questions (Warren et al., 1991). Even efforts to talk children out of their false beliefs can be unsuccessful (e.g., Ceci et al., 1994; Ceci, 1995; Leichtman and Ceci, 1995; Kim et al., 2017). And the metacognitive strategies that are useful in rejecting false information—recollection rejection, retrieval editing, and monitoring—are less effective for young children (Brainerd et al., 2008; Moore et al., 2018). These past findings set the stage for the current study by moving the issue from subtle misleading suggestions by an interviewer to blatantly false persuasive statements.

In contrast to the voluminous literature on the effects of suggestive interviews and misinformation [e.g., see integrative reviews by Poole and Lamb (1998), Quas et al. (2000), Otgaar et al. (2014), Schneider (2015), Goodman et al. (2017)] as well as on factors associated with developmental trends in lie-telling (e.g., the work of Talwar, Crossman, Lee and their colleagues), we were interested in what would happen if instead of exposing participants to techniques designed to bias their report accuracy—such as suggestive interviews, stereotypes, visual inductions, post-event misinformation, incentives to lie—an adult blatantly makes a false accusation in the guise of helping others. Hence, in the current research, we were interested in (a) what happens when children are exposed to an adult's blatantly false assertion and they are asked to repeat it and sign their agreement with it, an extreme form of forced confabulation. Related questions include: (b) will children acquiesce and sign an adult's blatantly erroneous statement, and if so, (c) will they subsequently incorporate it into their long-term reports to a neutral interviewer who instructs them to ignore the blatantly incorrect prior interviewer, and (d) what, if any, developmental trends or social or cognitive correlates will influence their performance?

Thus, in the following experiments we sought to determine whether will children make a blatantly false accusation merely because someone asks them to do so to help unnamed others? And, if so, will children later maintain the false accusation when interviewed outside the presence of the previously biased adult by an unbiased person who urges them to report only what they actually experienced, not what the blatantly biased adult told them? We hypothesized that (a) children will be more likely to make a false accusation in an initial interview if they are blatantly asked to do so in service of helping unnamed others (children who attended a different school, they were told), and (b) they will subsequently maintain this false assertion with a neutral interviewer, especially if they are younger and more suggestible and/or have lower verbal intelligence. These were all a priori expectations that we made based on previous research showing that the mechanisms that could drive this effect are unfolding rapidly over early and middle childhood as we briefly describe below. We undertook a mini test of the planned procedure to make sure it would work with the intended age groups in a larger-scale experiment with controls; this mini test gave us confidence that the youngest children understood the procedure (e.g., the wording to request them to endorse a blatantly false statement) although it also led to changes in the procedure.

There are empirical and theoretical reasons for positing that the period between early and middle childhood is one of rapid development of the factors of interest in the current study. A confluence of cognitive, social, and neurobiological developments unfold between early and middle childhood that are relevant to understanding the effect of exposure to blatantly false statements on later report accuracy. Specifically, social developments are occurring between the ages of 4 and 10 that could be relevant in the context of children's compliance with false persuasions by an adult. As noted, younger children are more influenced by a powerful adult authority figure than are older children (e.g., Ceci et al., 1987); preschoolers are more inclined to conform to false persuasion than are adults (Clarke-Stewart et al., 2004) but older children are actually less likely to conform than adults, thus a U-shaped function (Kim et al., 2017). There are also improvements in source monitoring over early and middle childhood (e.g., Poole and Lindsay, 1995). Quas et al. (2000) reported that younger children had significantly more difficulty sourcing their memories than did older children, a skill that is relevant in the present study in which children are asked to describe an event to a neutral interviewer after receiving a false persuasion request from a prior interviewer, thus creating a potential source misattribution. On the other hand, in their extensive review, Bruck and Melnyk (2004) did not find correlations between source monitoring and suggestibility-proneness even though both displayed normative developmental trends (Quas et al., 2000); the majority of the studies Bruck and Melnyk reviewed showed no relationship between individual differences in source monitoring and suggestibility. Young children also lack metamemorial insights that limit their recollective accuracy, as shown in Wellman's (1978) classic work, when they were more impeded by misinformation (for review see Ceci and Bruck, 1993). Preschool-aged children also lack strategy knowledge, such as elaborative rehearsal (Ornstein, 1978), and they have relatively undeveloped retrieval-time editing (Brainerd and Reyna, 2001), and second-order theory of mind in which participants must identify a third person's beliefs based on what the second person believes, which does not asymptote before at least age 8 (e.g., Arslan et al., 2012; Hiatt and Trafton, 2015). Although the right dorsolateral region of the pre-frontal cortex continues to develop into young adulthood, it is disproportionately undeveloped among preschoolers (Giedd et al., 1999; Gogtay et al., 2004), limiting their ability to inhibit, track, and monitor the contents of their memory (Ceci et al., 2010). In short, this confluence of developments in cognitive (memory, strategy use, theory of mind), social (conformity, deferral of memory to those of perceived as more authoritative), and neuromaturational (tracking, monitoring) mechanisms converge to anticipate that the period between early and middle childhood is one of heightened relevance for the present hypotheses. It was for this reason that we focused on this transition.

The departure point for the present set of experiments is that unlike studies that employed techniques known to bias report accuracy, in the present study none of the documented explicit or implicit suggestive techniques that damage report accuracy were employed—i.e., there were no post-event suggestions, misleading questions, visually-guided inductions, stereotypes, reinforcements, or automatic semantic associations that have previously been shown to cause children's reporting errors (Bruck and Ceci, 1999; Ceci and Friedman, 2000; Ceci and Bruck, 2006). Instead, the present approach seems straightforward and could have implications for disclosures that come about in the context of one adult urging a child to acquiesce to a false statement about another. For example, in an acrimonious custody dispute a child, upon the request of one parent, may initially repeat a blatantly false statement made by one parent about another parent, and over time elaborate the statement, as has been suggested by some to occur in actual cases (see Bruck and Ceci, 2013). What effect might repeating a blatantly false assertion have on a children's later reports to a neutral interviewer who encourages report accuracy?



PILOT STUDY

Based on insights from a demonstration study of 16 children who watched clowns perform magic tricks, we designed a somewhat larger pilot study in which children watched a chemist perform “magic tricks” with chemistry. An interviewer later asked children to tell them that the chemist had broken a test tube during the demonstration. At no time did the chemist break any of the test tubes in the magic show and children were not shown any evidence of a broken test tube during either the event itself or during either of the two interviews that followed it. Thus, the children in this experiment were not provided with any evidence that the chemist broke a test tube during the show they watched; the only basis for claiming he did so was an assertion by the initial interviewer that others who attended a different camp session had told her he broke a test tube at their session.


Methods


Participants

Data for this pilot study were collected on 54 children attending a summer camp hosted by a children's science museum. These participants ranged in age from 6 to 11 years old (M = 8.52, SD = 1.42); 41% were male. Ideally, we planned to extend this age range downward to capture the entire early childhood-middle childhood span that has been implicated in the developmental research reviewed earlier.



Procedure

The measures and procedure employed in this study were approved by the university's institutional review board (1303003677 “Children's False Accusations without Suggestive Questioning”). Participants watched a chemist perform 12 different magic tricks including a trick where she mixed acids, bases, and indicators in a test tube to create a rainbow tube. Several days later (M = 2.02 days, SD = 0.94), participants were interviewed individually by an unfamiliar female adult. This interviewer solicited a free narrative about what transpired during the magic show, followed by two directive questions about the magic show: “Do you remember seeing a test tube?”; “Did the chemist do any tricks with the test tube?” (Answers to these questions and the child's free narrative served as a baseline to judge later responses that followed this interviewer's request to endorse her blatant lie). Next, the interviewer informed the child that she had heard from children who attended another chemistry show that the chemist broke his test tube during their show. Then she blatantly asked the child to say the chemist broke a test tube during the magic show they saw (even though he had not). Specifically, she said: “I need your help so he doesn't accidently do this again, or other children will not get to see the magic show. Can you help me? Can you tell me the chemist broke the test tube so I can make sure he doesn't do this again?” The direct request for affirmation was done to resemble a situation in which an adult asks a child to affirm a non-event, one they could not have witnessed but which they might assume the adult had witnessed and needed their assent for prosocial reasons (allow future children to see the show). After the child answered, the interviewer thanked the child and offered stickers.

Approximately 1 week later (M = 7.56 days, SD = 6.38), a neutral interview took place during which an unfamiliar female adult explained that the previous interviewer had made mistakes when talking to children about the magic show, and she wanted the child to report only what they actually saw in the magic show rather than what the previous interviewer told them. Following these instructions from this neutral interviewer, she asked the child if the chemist accidentally broke his test tube. If the child said yes, the interviewer asked if they had seen it happen with their own eyes. Following this neutral interview, children completed intelligence and suggestibility measures.

In light of the literature on verbal ability and suggestibility, we administered the vocabulary subset of the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999) to examine if a g-loaded measure of children's verbal intelligence predicted responses during the first and second interview. The vocabulary scaled scores from the Wechsler series of intelligence tests were collected as a rough measure of general intelligence, given its very high saturation on the general intelligence factor, g (Flynn, 2007; Nisbett, 2009). Raw scores on the vocabulary subset of the Wechsler Abbreviated Scale of Intelligence were calculated based on the general scoring principles (Wechsler, 1999). These raw scores were converted to T-scores, which are age-corrected (thus removing any correlation with chronological age) and have a wide range (Wechsler, 1999). Results indicated that intelligence was normally distributed (M = 63.53, SD = 11.44, n = 53) with negative skew.

We administered the Video Suggestibility Scale for Children (VSSC) to discover whether suggestibility predicted responses during the first and second interview. The VSSC produces two parameters of suggestibility-proneness: yield (succumbing to erroneous statements) and shift (changing originally correct answers to false answers in response to negative feedback) (Scullin and Ceci, 2001; Scullin et al., 2002). Results did not differ when the “yield” and “shift” measures from the VSSC were examined separately, and therefore the combined parameter scores were used for the analysis. Scores on the VSSC were normally distributed with a slight positive skew (M = 9.6, SD = 4.35, n = 52).

We found no correlation among our individual difference measures: verbal intelligence and suggestibility were not correlated, and suggestibility was also not correlated with age.




Results

Most participants were willing to accuse the chemist of breaking the test tube, even though they had not witnessed it and were not presented with any physical evidence of a broken test tube. When blatantly asked to make a false statement, 34 out of 54 children (63%), asserted that the chemist broke the test tube. Importantly, no child made such false allegations spontaneously during their prior free narrative; it was only done in response to the subsequent blatant request from the interviewer. One week later after being told the initial interviewer made mistakes and got children to make mistakes about what happened during the magic show, most children recanted. Only 13 of the 34 children who had previously asserted the chemist broke the test tube maintained their false accusation. All but two of the children who asserted the accusation during the second interview had also made the assertion in the first interview. These children who made false accusations in both interviews were 32% of the 34 people who made the accusation in the first interview and 20% of the total original sample of 54. In addition, five children asserted that they saw the chemist break the test tube with their own eyes. This represented 16% of the 34 who made the accusation and 9% of the original 54.

In sum, a fraction of the participants who watched the chemist do a magic show went along with the initial interviewer's blatant request to affirm her false allegation and many subsequently maintained this false allegation with some claiming to have witnessed it with their own eyes despite no suggestive techniques being employed during the second interview (i.e., there was no provision of erroneous post-event information, misleading questions, imagery inductions, requests to speculate, clumsy stereotypes, forced confabulation questions, etc.). In contrast to the children who went along with the first interviewer's blatant request for a false affirmation, none of the 54 children had made such false allegations spontaneously in their free narratives of what occurred before the interviewer requested the child make a false affirmation. Thus, the damage to children's report accuracy was the result of children assenting to the initial interviewer's assertion, a small fraction of whom subsequently claimed when speaking with a neutral interviewer a week later not only that it occurred but to have witnessed it with their own eyes.

We next compared the children who made a false accusation by age, verbal intelligence, and suggestibility-proneness. Results are displayed in Table 1. As we expected, the youngest children appeared to make most of the false allegations. Because it is possible that with more participants, age would emerge as a significant predictor, we tested this in the main experiment, using a predetermined sample size that possessed ample power to detect differences of the observed magnitude. Similarly, as noted, ultimately a total of five children in this Pilot Study who watched the chemistry show said they saw with their own eyes the chemist break the test tube, despite being told by the neutral interviewer that the initial interviewer had caused children to make mistakes and that they should only report what they actually witnessed rather than what the prior interviewer may have told them. All five of these children were 8 years old and younger. Even with the small sample size in this pilot, this age difference was reliable, t(51) = 2.02, p < 0.05, Hedges' g = 0.95 (large effect). Further comparisons of these five participants did not lead to additional significant results, which could be due to the small sample size.


Table 1. Pilot study: average age, intelligence, and suggestibility by whether they made an accusation during the first interview, second interview, or both.
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We did not notice trends when we compared children who made a false accusation by verbal intelligence or suggestibility. Follow-up work with larger and more diverse (in terms of verbal intelligence) samples was conducted in the following main experiment to provide a more robust test of these findings.




MAIN EXPERIMENT

The data and the findings from pilot study revealed a number of interesting results despite the small sample size. In view of these results, the main experiment was a modification designed to broaden the context by substituting a more active role for the child than was the case in the pilot study where the child passively observed a magic show, and also to include another dependent variable: parent socio-economic status (Talwar et al., 2017). In this experiment children were once again asked by an interviewer to agree with a blatantly false assertion but in a less passive context from the one used in the pilot study. Because of the narrow age differences in the pilot study, this experiment was designed with finer age gradations to shed light on developmental vs. reverse developmental effects (e.g., Kim et al., 2017). Once again, vocabulary scaled scores from the Wechsler series of intelligence tests were collected as a rough measure of general intelligence, g (Flynn, 2007; Nisbett, 2009). Finally, we endeavored to recruit a broad range of SES given that compliance with adult authority figures may be related to parent educational attainment as well as suggestibility (Chae et al., 2016).


Method


Participants

Children were recruited through schools, preschools, and a university-run summer camp. One hundred and seventy-one children and adolescents participated, 43 4-year-olds (23 females; M = 50.40 months, SD = 2.53), and 44 6-year-olds (25 females; M = 73.70 months, SD = 3.86), 44 8-year-olds (22 females; M = 99.09 months, SD = 5.02), and 44 12-year-olds (19 females; M = 151.27 months, SD = 6.27).



Procedure

This experiment involved one male and one female research assistant. Children were brought into a testing room and greeted by an opposite-sex research assistant. The youngest children were escorted by a parent or guardian and the older children were escorted by a teacher's aide or a camp counselor. The opposite-sex assistant provided crayons and a coloring book for the child to play with for ~10 min. Toys were displayed prominently on the table, as well as several items of clothing, including a straw hat. After ~10 min, a same-sex research assistant entered the room and was introduced to the child as Jenn or John by the opposite-sex assistant who then departed. To avoid cross-sex confounds, all final interviews were conducted by same-sexed research assistants. After entering the room, the same-sex assistant engaged the child in actively playing a couple rounds of Simon Says. During this game Jenn or John instructed the child “Simon Says [John/Jenn] put on a straw hat,” which the same-sex assistant donned; they went through five such actions. After playing this game, the original opposite-sex assistant returned to the room and the same-sex assistant departed. After several minutes of amiable interaction with the child, the opposite-sex research assistant asked the child two memory questions related to real and suggested actions in the Simon Says game (“Do you remember the name of the person who played Simon Says with you?,” “Do you remember what Simon Says told him (or her) to do with the straw hat?”). Next, this opposite-sex assistant made two blatantly false assertions about events: the child was told that John (or Jenn) had broken a non-present cell phone and asked the child to say that they saw this happen. Following their response, they were presented with a typewritten document and asked to make a mark to indicate if they saw John (or Jenn) break the cell phone. Then they were told that John (or Jenn) ripped a colored drawing and they were asked to make a mark to indicate that they observed John (or Jenn) rip it. In reality, John (or Jenn) did neither thing (Older participants were asked to sign their name on a line indicating they saw John (or Jenn) rip the drawing and break the cell phone; pre-school-aged children were shown two blank spaces on the sheet where they were asked to make crayon marks to indicate that they saw John (or Jenn) damage each of these items, if they agreed that this happened).



Individual Differences

To measure verbal intelligence, raw scores on the vocabulary subtest of the Wechsler Preschool and Primary Scale of Intelligence (for the youngest age group) and the Wechsler Intelligence scale for Children-IV (for the three older groups) were converted to scaled scores with a mean of 10 and a standard deviation of 3 based on national norms by age. As was true in the pilot study, the sample was skewed slightly above the national average, with a mean of 11.11, and standard deviation of 2.52.

Parent educational attainment is reported in Table 2. Parent SES may moderate the effect of parenting practices on children's willingness to lie (Talwar et al., 2017) and has been tied to report accuracy and suggestibility (e.g., Chae et al., 2016). After coding parent education on a six-point scale and averaging across both parents, parent education was strongly correlated with children's verbal intelligence scaled scores, r(173) = 0.37, p < 0.001.


Table 2. Parent education of participants.
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Participants were asked two questions about salient details in the Simon Says game to gauge how well they attended to it. The questions probed the name of the assistant with whom they played Simon Says (Jenn/John) and what was placed on their partner's head (a straw hat). Based on the accuracy of their answers, they were assigned values of 0, 1, or 2. Thirteen participants answered both questions incorrectly (7%), 68 answered one correctly (39%), and 94 answered both correctly (54%).

For each age group descriptive information on the individual difference variables is displayed in Table 3.


Table 3. Descriptive statistics by age group.
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Results

One-hundred-forty-five participants claimed to have witnessed at least one false event, and 66 participants claimed to have witnessed both false events. A logistic regression model was estimated to predict which children made a false assertion as a function of age, verbal intelligence, and parent education. We mean-centered age, standardized intelligence, and mean-centered the average parent education. Table 4 shows the results of the regression. As can be seen, age and parent education were significant predictors for making at least one false assertion. Younger children and children whose parents had less education were more likely to make at least one false assertion. We estimated a 41% increase in the odds of making a false accusation for a 1-year decrease in age.


Table 4. Logistic regression predicting signing at least one false statement.
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Post-hoc analysis further confirmed the strong relationship between age and making false assertions. When we substituted the continuous age variable with the age group variable in the logistic regression, keeping the other predictor variables the same, and ran pairwise comparisons, the 12-year-olds were significantly less likely to make a false assertion compared to all other age groups. More specifically, compared to 12-year-olds, the odds of making a false assertion were 14.35 times higher for 4-year-olds, 12.29 times higher for 6-year-olds, and 5.13 times higher for 8-year-olds (p's = 0.002, 0.003, 0.05, respectively). Thus, like the pilot study, this study also documented age differences.

There was a similarly strong relationship between parent education and false assertions. As displayed in Table 4, we estimated the odds of signing a false statement were 4.89 times higher for each unit decrease in parent education. In fact, all of the children who refrained from signing either of the false statements had parents with at least a baccalaureate degree. Of the children whose mothers did not have a college degree, 66% signed both false statements (compared to 33% in the group whose mothers had a college degree and 17% in the group with mothers with post baccalaureate education). A similar trend was found with father's education.

Intelligence was not a significant predictor, however, as noted, it was significantly correlated with parent education. When parent education was omitted from the regression, intelligence was significant, p = 0.05.

We noticed that there may be a relationship between accuracy and making a false assertion: of the 13 participants who answered both salient questions incorrectly, all claimed to have witnessed at least one false event and 8 of 13 claimed to have witnessed both (62%). In case the 13 participants who answered both questions about salient details incorrectly were not sufficiently paying attention, we reran the regression after omitting their responses and results were not significantly different: age and parent education remained significant predictors of making false assertions (both ps < 0.001).

In addition, we ran a logistic regression comparing individuals who made both false assertions to individuals who made one or zero false assertions. Again, in this regression age and parent education were significant predictors (both ps < 0.001).




DISCUSSION

In the pilot study a sizable portion of children complied with an adult's request to make a blatantly false accusation even though they lacked first-hand knowledge of the alleged infraction. On the other hand, most children who made these false accusations did accurately disclose the truth in a subsequent neutral interview after the interviewer gave them releasing instructions (“The person who talked to you before made a lot of mistakes and got children to make mistakes…. Please tell me only what you actually saw, not what someone told you.”). And even when they complied with the blatant request to make a false statement and maintained this falsehood when subsequently interviewed by a neutral interviewer, most of these children did not claim to have seen it with their own eyes. In sum, these findings demonstrate that under conditions in which the child is only subjected to a single blatant request for false information, in later interviews a small number of the young children may purport to remember the accusation and misattribute its source to personal experience observing the infraction rather than to the blatantly false statement by the initial interviewer who asked them to claim they actually observed it.

After the neutral interviewer informed children that the prior interviewer had made mistakes and misled children, not all children accurately disclosed that they had not observed the infraction. It is possible that children's initial compliance may have created false memories, retrieval competitions, or source misattributions in some of the youngest children who claimed to have seen the infraction with their own eyes despite being given “release” instructions by the neutral interviewer. Such release instructions should, if anything, have motivated them to retract their former false assertion if they were aware of its falsity. Of course, this is speculative as we have no direct test of the hypothesis that the initial compliance request actually distorted memory as opposed to other possibilities such as children's loyalty to, or even fear of, the adult in the first session, could plausibly lead to them to continuing lying in the follow-up interview. Future research will be needed to test this.

In contrast to reversed developmental trends in which younger children are more resistant to spontaneous false memory due to their less developed semantic associative networks (e.g., Brainerd et al., 2010; Brainerd and Reyna, 2012; Otgaar et al., 2016; Kim et al., 2017), in both the pilot and main study, false assertions were more likely among the youngest children. This developmental finding is consistent with well-documented age trends in source misattributions which routinely document that younger children have greater difficulty separating various sources or inputs into their memories (e.g., Ceci et al., 1994; Quas et al., 2000; Goodman et al., 2017). This literature suggests that children who make source misattributions genuinely come to believe in the veracity of their misattributions and “generally were not able to report that they had been asked about these events in prior interviews” (Quas et al., 2000, p. 218).

In the main study, false assertions were found to occur disproportionately more often among children who had the least educated parents. Relatively little research has examined children's acquiescence to misleading suggestions as a function of socioeconomic and intellectual factors. In the present study, a proxy for parent social class proved to exert a powerful influence. In light of this, one wonders whether prior findings in the developmental literature might be qualified if future researchers were to replicate former designs but include a socioeconomic measure. The role of verbal intelligence has received some attention (e.g., Roebers and Schneider, 2001; Chae and Ceci, 2005). This literature suggests that children with higher verbal intelligence provide more accurate recall and children with very low intelligence can be more suggestible in response to misleading questions. In our study, intelligence, which was significantly correlated with parent education, did not uniquely predict making a false assertion in the context of conformity to blatant lies.

Taken together, the findings from these experiments have implications for cases in which adults articulate biases during conversations with children. The influence of the interviewer can lead some children to make accusations that they initially know are false. In itself, this is hardly a new finding, as decades of deception research have documented that children will lie in response to various incentives (e.g., Talwar et al., 2011; Wyman et al., 2016). However, the present findings demonstrate that this is more strongly observed among the youngest participants from the lowest educated families.


Caveats and Limitations

The results of the pilot study and main experiment are limited in their forensic implications because we refrained from creating the stress associated with an actual forensic interview in which children: (a) usually know the individual they are accusing, (b) understand that their answers may influence others' opinion of this individual, and (c) are cognizant that this individual could face adverse consequences as a result of their statement. Ethical considerations preclude us from making children feel seriously uncomfortable or protective of loved ones. Thus, the children in these experiments were told that it was probably an accident that the item was broken, and that their help was needed to make sure this did not happen again so that children in another school could enjoy the use of the item. This was done to minimize stress but at the same time it deviates from legal contexts where stress is inherent, thus limiting its practical import.

Furthermore, there were no negative consequences associated with making a false accusation. There was also far less pressure on the children to make false accusations than may inhere in child abuse cases in which multiple suggestive methods might be used in interviews, such as introduction of new suggestive information, positive reinforcement, interviewer's expression of disbelief when a child fails to disclose, conformity pressure, and invitations to pretend or speculate (e.g., Garven et al., 1998; Schreiber et al., 2006; Bruck and Ceci, 2013). If in real cases interviewers with biases exerted more pressure and used more suggestions than was done in the current study, the deleterious consequences could be even greater than what were observed under these less intensive circumstances. Thus, even though a substantial fraction of the children in these experiments affirmed the false statement and maintained this affirmation over time, this might have been elevated by increasing the intensity and number of requests.

In addition, the present experiments, although careful to include variables that have often been missing from past studies (socioeconomic status, verbal intelligence), nevertheless did not examine other potentially important individual differences that could be instrumental. Recently, a number of researchers have begun to examine such factors as child and parental attachment status as it relates to suggestibility (Chae et al., 2014, 2018), children's frontal neurological status (Poole et al., 2014), children's social skills (Lavoie et al., 2016), and parental rearing styles as they relate to children's compliance with a false report (Kim et al., 2017). It would be interesting for future work to add such variables to the study of blatantly false statements.

Future research will have to chart the boundary conditions of this effect, although some experimental evidence indicates that children's suggestibility is exhibited even under conditions of stressful physical experience such as during painful medical procedures (e.g., Bruck et al., 1995), and case studies of contested custody are rife with analogs of the present procedure. For example, Bruck and Ceci (2013) describe a custody case that progressed into a series of accusations of sexual abuse by the father of two preschool-aged daughters. The children likely overheard claims made by their mother and repeated statements to a counselor such as “Mommy says Daddy is mean.” The present findings suggest that initially agreeing with an adult's request to affirm such assertions may result in some children later repeating it to a neutral interviewer even if the child initially was aware they had not witnessed them (e.g., in the above case the allegation that the father had harshly snatched a credit card from the mother and cut it half).
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Human memory is prone to memory errors and distortion. Evidence from studies on cognitive functions in bilinguals indicates that they might be prone to different types of memory errors compared to monolinguals; however, the effect of language in false memories is still understudied. Source monitoring processes required for proper memory functioning, presumably, rely on inhibitory control, which is also heavily utilized by bilinguals. Moreover, it is suggested that thinking in a second language leads to more systematic and deliberate reasoning. All these results lead to expect that bilinguals are more analytical when processing information in their second language overcoming some memory errors depending on the language of information. To test this hypothesis, we run a classical misinformation experiment with an explicit source monitoring task with a sample of Russian–English bilinguals. The language of the misinformation presentation did not affect the degree of the misinformation effect between the Russian and English languages. Source monitoring demonstrated an overall higher accuracy for attributions to the English source over the Russian source. Furthermore, analysis on incorrect source attributions showed that when participants misattributed the sources of false information (English or Russian narrative), they favored the Russian source over the not presented condition. Taken together, these results imply that high proficiency in the second language does not affect misinformation and that information processing and memory monitoring in bilinguals can differ depending on the language of the information, which seems to lead to some memory errors and not others.
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INTRODUCTION

Globalization and worldwide migration lead to an increase in the percentage of the population that simultaneously speaks two and more languages. Evidence from studies on cognitive functions in bilinguals indicates that they might be prone to different types of memory errors compared to monolinguals (Marian and Neisser, 2000; Boroditsky et al., 2003, 2009, 2019; Fausey and Boroditsky, 2011). These individuals may face a situation where they have to testify in a foreign country using their second language to communicate. Unlike monolingual witnesses, they can be exposed to misleading information from sources in several languages. Results of the existing studies are not enough to lead to any sort of conclusion on how such situations might affect their memories and recollections. Moreover, the misinformation effect is rarely checked through explicit source monitoring tasks, as it is usually implied that if the misinformation effect is present, source confusion has occurred. Furthermore, to our knowledge, only few studies investigated possible implications in bilingual populations (Tosun et al., 2013; Ünal et al., 2016). However, these studies investigated the effects of grammatically expressed evidentiality of the action agent. While undoubtedly important, this research is specific to particular languages with such expressed features (e.g., Turkish), and the effect in other languages remains unclear. Therefore, the present research aimed to investigate the effect the language of the presentation can have on memory errors, such as the misinformation effect and source misattributions.

The misinformation paradigm is one of the available research designs that enable the research on false memories and misinformation effect (Loftus and Palmer, 1974; Loftus, 1975; Loftus and Guido, 1975; Loftus and Hoffman, 1989). In short, the misinformation effect occurs when postevent false information is wrongly reported as the original. In the laboratory, the misinformation paradigm is operationalized as follows: witnessing the original event (Phase 1), exposure to false information about the event (Phase 2), and memory test to measure the acceptance of false information (Phase 3). As a result, participants report that they remember false information from witnessing the event rather than the later sources. The degree of memory distortion and the resulting false memories can vary due to a variety of factors. Susceptibility to misinformation was found to increase with age (Ceci et al., 1987; Loftus, 2005) and the time passed between witnessing the event, exposure to false information, and recollection of the event (Loftus, 2005). On the other hand, misinformation acceptance can decrease if people are warned that they have received or will receive information that is not entirely correct (Echterhoff et al., 2005; Loftus, 2005). Finally, the nature of the details is also important; schema-consistent false information is easier accepted than schema-inconsistent or schema irrelevant information (Tuckey and Brewer, 2003); furthermore, memory for the central information is generally better remembered than for the peripheral (Luna and Migueles, 2009); however, it can also differ depending on the emotional arousal and valence of the situation and information (Christianson and Loftus, 1991; Porter et al., 2003).

One of the most accepted explanations for the misinformation effect is “source monitoring errors,” that is, errors in the attribution of the information (Lindsay et al., 1991; Johnson et al., 1993; Johnson, 1997; Luna and Martín-Luengo, 2013). There are two key mechanisms underlying the failures in source discrimination. First, depending on the quality of the available information (perceptual cues and schema consistency or inconsistency), the credibility of the memory is either defined through rapid and heuristic processing or requires more deliberate and systematic processing (Johnson et al., 1993). It is considered that source attributions are mainly made heuristically (“System-1” processing), whereas systematic reasoning (“System-2” reasoning) is engaged to a lesser degree, but both can be activated for “more careful” judgments. The decision criteria that are used in both, the System-1 and System-2 processes differ, and the criterion for the latter is stricter. Thus, when both the heuristic and systematic processes are used, the criterion tightens, and better judgments are made. Generally, the criteria are rather flexible, can be influenced by biases, meta-memory assumptions, and vary across different types of events and situations (Johnson et al., 1993). Second, research on suggestibility and reality monitoring in children revealed that inhibitory control can be another important mechanism underlying the source monitoring processes. Several studies showed that younger children experience difficulties when performing source monitoring tasks, and the performance usually improves with age (Foley et al., 1983). Neuroscientific findings associate source monitoring processes to activations in the prefrontal cortex (Johnson et al., 1993; Ruffman et al., 2001), which is associated with executive functioning including the inhibitory control (Waltz et al., 1999). Developmentally, the prefrontal cortex matures later compared to the other regions of the brain (Diamond, 2002), and its maturation is correlated with the ability of the children to inhibit task-irrelevant or competing for information (Sinopoli and Dennis, 2012). Moreover, several studies investigated the relationship between these processes directly by testing the source memory performance and measuring the level of inhibitory control (Ruffman et al., 2001). The results of these studies indicate that greater inhibitory control is positively correlated with better performance on source monitoring tasks.

The effect of language on memory, specifically, episodic memory was repeatedly observed within and between the languages. Many studies investigated the effect of wording in leading questions similar to those asked witnesses during interrogations (Loftus and Palmer, 1974; Loftus, 1975; Loftus and Guido, 1975). These studies demonstrated that even slight lexical variations in questions, such as the usage of synonyms can remarkably influence the answer of an individual and the recollection of an event. Also, the linguistic influence on the memory of an individual remains persistent across different language groups as shown by further studies. For example, Fausey and Boroditsky, 2011 compared English and Spanish as well as English and Japanese monolinguals in their recall of intentional and accidental events and the agent who acted in these events. Observed cross-linguistic differences in memory performance were described as caused by the different grammar patterns specific to these languages, e.g., more frequent use of an agent in the English language compared to Japanese or Spanish. Similar studies also explored the effect in several other languages, including Turkish (Aydin and Ceci, 2013) and Indonesian (Fausey and Boroditsky, 2011), as well as different linguistic characteristics, such as the usage of definite or indefinite articles (Loftus, 1975), grammar tenses (Boroditsky et al., 2019), or gender (Boroditsky et al., 2003), all showing variations in the memory performance attributed to the specific linguistic characteristics.

These findings and a general rise of interest in the cognitive functions in bi and multilingual populations sparked the interest in memory processing and memory mistakes in individuals who utilize more than one language. Providing a mental representation for the event, language can be labeled as a contextual cue which affects the way information is encoded and retrieved, implying that in bilinguals, the memory of an event can be better when encoded and retrieved in the same language as opposed to situations when languages are inconsistent (Schroeder and Marian, 2014). Furthermore, it has been long argued that linguistic characteristics, being specific to a particular language, can shape the thoughts and behavior of an individual (Schroeder and Marian, 2014). As per the thinking-for-speaking concept proposed by Slobin, when speaking, a person can direct his attention to particular details through syntactic structures that are established by the language he speaks (Slobin, 1987). This implies that the structure of the language and the cultural representations associated with this language can create a certain perspective through which a person processes information. When bilinguals are concerned, it also means that encoding can be different depending on the language they use at the moment. Yet, while episodic and autobiographical memory in bilinguals has been widely researched and differences in encoding and retrieval processes were observed (Boroditsky et al., 2009; Fausey and Boroditsky, 2011; Aydin and Ceci, 2013), there have been only a handful of studies investigating the suggestibility in bilinguals (Shaw et al., 1997; Smith et al., 2017; Calvillo and Mills, 2020). Although misinformation effect was present in all these cross-linguistic studies, the results regarding the influence of the language on the endorsement of false information show inconsistent findings, reporting no significant differences between the conditions (Shaw et al., 1997) or explaining the results in relation to the different levels of proficiency between the languages (Calvillo and Mills, 2020). At the same time, the potential effects of proficiency levels of the second language were not yet explored. All of this, therefore, demonstrates the need for further research of the phenomenon.

Research on source monitoring has also advanced in the last decade. Nevertheless, it is still rarely explicitly tested in the misinformation paradigm, as the presence of the effect implies that source confusion has occurred. Moreover, it is still unclear whether source monitoring processes can be affected by language and bilingualism. Several studies (Tosun et al., 2013; Ünal et al., 2016) investigated the effects of grammatically expressed agency; however, as this grammar feature is present in some languages and not others, the results cannot be generalized. Thus, language influence on source monitoring processes requires further examination.

In sum, research on the effects of bilingualism on cognitive functions, such as decision-making, attention, and memory processing suggests that bilinguals may have certain advantages in performing non-linguistic tasks due to their more trained inhibitory control because of the selection of languages compared to monolinguals (Bialystok et al., 2005; Weissberger et al., 2015). Furthermore, bilinguals could rely on more analytical and deliberate System-2 processing as opposed to heuristic System-1 (Caldwell-Harris, 2014; Costa et al., 2014; Hayakawa et al., 2016, 2017; Bialek et al., 2019). Therefore, we suggested that bilinguals would be less susceptible to misleading details in their second language, as their monitoring mechanisms would be more engaged in information processing. Thus, the misinformation effect would be reduced. Following this hypothesis, we expected a lower level of accuracy on the recognition task in the native language compared to the foreign language. Alternatively, we also hypothesized that bilinguals could be more susceptible to misleading information in their second language, as their cognitive resources would be more engaged with the linguistic processing of the information, therefore leaving fewer resources for monitoring the source of this information. In this case, we could expect a lower level of accuracy on the recognition task in foreign, rather than in the native language. Our second expectation was that due to a higher degree of misinformation effect in the native language, a higher confidence rate for incorrect answers on the recognition task for the native language would be observed. More expectations were made regarding the source-monitoring judgments. Based on the previous expectations of observable misinformation effect, we expected to see lower accuracy for misleading items in the native language compared to foreign for the source monitoring task, as the presence of the misinformation effect implies that memory for misleading information is treated as a memory for the original event. In relation to that, we expected higher confidence ratings for these items on the source monitoring task. In the case of the alternative hypothesis, the pattern should be reversed with lower accuracy for misleading items in a foreign language. To test these hypotheses, we run an experiment using the misinformation paradigm with the classical three phases: presentation of the original information (no sound video), exposure to misleading information (narratives describing the event of the video in different languages), and memory test in this case with an explicit source monitoring task.



MATERIALS AND METHODS


Participants

A total of 70 bilingual volunteers (46 women, mean age = 24.2, SD = 4.63) recruited through social media took part in this online study, created, and hosted in the Gorilla Experiment Builder (Anwyl-Irvine et al., 2020). Participants received a small monetary reward (250 rubles) for the successful completion of the experiment. A priori analysis conducted in GPower (version 3.1) determined the sample size as 48 participants (effect size = 0.40, power = 0.80, and alpha = 0.05). The selection requirements for the participants included having Russian as the native language, speaking intermediate or higher level of English proficiency (according to the Common European Framework of Reference, CEFR), having no prior experience of immersion in an entirely English-speaking environment for a prolonged period of time (more than 5 months) (Costa et al., 2014). All the participants completed an online Cambridge Assessment test (www.cambridgeenglish.org), and nine participants who scored below 16 points (Pre-Intermediate and lower, CEFR) on the Cambridge test were excluded, leaving mainly high-proficient participants (mean proficiency = 20 out of 25 points, SD = 2.9). Five more were excluded due to the violation of the English-speaking environment requirement. The final sample reported in this study consisted of 56 participants (40 women, mean age = 24.1, SD = 4.66).



Normative Study and Materials

As the main stimulus, we used 61-s real footage of a car robbery (as shown in Figure 1 for the video outline). First, true items were extracted directly from the contents of the video (11). Then, false items (20) were created that either distorted the information of the video (for example, white T-shirt instead of black) or did not appear in the video but were plausible to happen in that environment.


[image: Figure 1]
FIGURE 1. The temporal sequence of footage of a car robbery. The video is recorded from a camera in a car parked at the side of the road. It captures a gray car parked in front of the car with a camera. A young man wearing a white T-shirt leaves the gray car and enters the bushes on the side of the road. At the same time, a second man leaves the car but stays beside it looking around. The young man then reappears from the bushes hiding something behind his back and heads toward one of the cars parked in front. After a while, he returns carrying several plastic bags. Both men then enter the gray car and drive away.


Before the main experiment, we ran a normative study to guarantee equal memorability to both true and false items. The normative study was conducted in Russian, with 20 volunteers (15 women, mean age = 25, and SD = 3.34), who did not take part in the main experiment. Participants of the normative study were not required to watch the video; instead, they read two narratives describing the event in the video. Each narrative contained 10 critical details, which were considered true for the normative study and were going to be used as misleading in the main experiment. To check the memory of these details, 11 false control items were used on the recognition task. These false items were originally identified as critical true elements in the video for the main experiment. The narratives were presented separately for the two groups of participants, one narrative for one group (each group consisting of 10 participants). This separation in two groups is based on the counterbalance of the elements in the design of the main experiment as they should not have referred to the same object, person, or modality, and should not have interfered with each other in one set of the narratives. Procedurally, the participants were required to read a narrative, and after a distractor task to perform a recognition test, they had to indicate whether a particular piece of information was present in the text or not (True or False) and rate their confidence in their answer on a 1 (not confident at all) to 10 (totally confident) scale. The normative study confirmed a similar memorability of both true and false items (p > 0.05), which allowed us to use all 32 previously identified items in the further experiment.

For the main experiment, a total of 31 details were used (Supplementary Appendix A). The true items (11) were the same for all the conditions. Counterbalancing false items (20), some of them were used as misleading information introduced during the misinformation stage and some were used as false control items on the recognition task. For introducing misleading information, we created four pairs of narratives in Russian and English to counterbalance the misleading and control details as well as the language in which they were presented. Each narrative contained five misleading details (making it 10 for a set).



Procedure

Participants accessed the experiment via a link shared by the experimenter. They read and explicitly stated their agreement with an electronic consent form before starting the experiment. Then they filled in a social and linguistic questionnaire adopted from Marian et al. (2007). After that, the participants were randomly assigned to one of the four counterbalanced conditions and completed a misinformation paradigm consisting of the following stages: witnessing the event, encountering misleading information, recognition test, and explicit source monitoring test (Figure 2).


[image: Figure 2]
FIGURE 2. Experimental design. Phase 1: encoding of true information from a video. Phase 2: introduction of misinformation from two narratives (Russian and English). Phase 3: true/false recognition + source monitoring (Russian narrative, English narrative, none).


First, the participants watched the 1-min long video of a car robbery. Immediately after it, they were asked to perform a series of distracting numeric tasks that took ~4 min to complete. Upon completing these numeric tasks, the participants read a pair of narrative accounts of what took place in the video. The narratives were described to the participants as reports made by two witnesses of the crime, a Russian native speaker and his friend who happened to be an English native, reported in the corresponding languages. Each of the narratives consisted of five misleading details about the event. Then the participants performed another series of distracting numeric tasks analogous to the first one and of the same duration. Next, the participants completed a recognition test along with the source-monitoring test. For the recognition test, they indicated whether the detail or item described in a statement was present in the original video (true or false) and indicated the level of confidence in their answer on a scale from 1 (not confident at all) to 10 (totally confident). Immediately after the recognition question, the participants performed a source monitoring task for which they had to indicate whether the detail or item from the previous question was mentioned in the Russian or English narrative, or it did not appear in any of the narratives (for true and false control items). Participants rated their confidence for their answers on this question again from 1 (not confident at all) to 10 (totally confident). Finally, the participants had to complete a general English proficiency test adapted from an online Cambridge Assessment.



Statistical Analysis


Misinformation

Typically, the misinformation effect is checked and calculated as a difference in the proportion of false alarm rates of misleading and control items reflecting the acceptance of misinformation. Due to the specificity of design and materials, in particular, the absence of control items that would fully match the conditions (i.e., there were no control English items), a 2 × 2 ANOVA was not feasible. Instead, we made direct comparisons on the proportions of false alarms for misleading and control items by t-tests.



Source Monitoring

To analyze the performances on source monitoring task and corresponding confidence ratings, we ran a 3 × 3 repeated measures ANOVA with correct and incorrect source attributions of the participants (Russian narrative, English narrative, and None, where information was not presented in the narratives). We then investigated the differences within these factors by running a repeated measures ANOVA for correct source attributions (Russian-to-Russian, English-to-English, and None-to-None) and Student's t-tests for incorrect source attributions (Russian-to-English, Russian-to-None, English-to-Russian, English-to-None, None-to-Russian, and None-to-English).





RESULTS

Below are reported analyses of ANOVA on the recognition and source monitoring tasks and their corresponding confidence ratings. When appropriate two-tailed pairwise comparisons with the Student's t-test were used. For pairwise comparisons, we applied Bonferroni correction to avoid Type I error for conducting multiple statistical tests. Partial-eta squared (η2p) and Cohen's d (d) are also reported as the measures of effect size.


Misinformation

First, the misinformation effect was confirmed since the proportion of false alarms for misleading information (M = 0.32, SD = 0.19) were significantly higher than for the control items (M = 0.21, SD = 0.12), t(55) = 5.134, p < 0.001, and d = 0.686. Moreover, mean confidence ratings were higher for misleading (M = 24.34, SD = 16.70), than for the control items (M = 14.77, SD = 10.37), t(55) = 4.392, p < 0.001, and d = 0.587. However, misinformation effect did not differ between the Russian (M = 0.13, SD = 0.11) and English languages (M = 0.13, SD = 0.11), t(55) = 1.169, p = 0.866, and d = 0.023.



Source Monitoring

First, a 3 × 3 ANOVA on the correct and incorrect source attributions of the participants (Table 1, Figure 3) showed no main effect for the correct source, F(2,110) = 0.003, p = 0.999, and η2p= 0.00006; however, it showed main effect for the incorrect source, F(2,110) = 3.910, p = 0.023, and η2p= 0.066, and their interaction, F(4,220) = 73.580, p < 0.0001, and η2p= 0.572.


Table 1. Means (SD) of correct and incorrect source attributions.

[image: Table 1]
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FIGURE 3. The proportion of answers for each correct and incorrect source. Error bars indicate SD.


For the correct source attributions (diagonal in Table 1), we found significant differences, F(2,110) = 12.250, p < 0.0001, and η2p= 0.183, None-to-None attributions were significantly higher than Russian-to-Russian [t(55) = −5.733, p < 0.001, and d = −0.766] and English-to-English [t(55) = −3.890, p < 0.001, and d = −0.520]. No significant differences were found in correct attributions between Russian-to-Russian and English-to-English [t(55) = −0.958, p = 0.342, and d = −0.128].

Analysis on incorrect attributions for the Russian source (when Russian narrative was the correct source), showed that the differences between Russian-to-English [t(55) =4.493, p < 0.001, and d = 0.600] and Russian-to-None [t(55) = 4.766, p < 0.001, and d = 0.637] source misattributions were not significant [t(55) = 0.131, p = 0.896, and d = 0.018]. Similarly, for the None source (when information was not presented in the narratives), differences between None-to-Russian [t(55) = 16.403, p < 0.001, and d = 2.192] and None-to-English [t(55) = 17.522, p < 0.001, and d = 2.341] source misattributions were also insignificant [t(55) = 0.442 p = 0.639, and d = 0.063]. On the other hand, for the English source (when the English narrative was the correct source), the proportion of English-to-Russian [t(55) = 4.939, p < 0.001, and d = 0.660] misattributions was higher than that of the English-to-None [t(55) = 7.323, p < 0.001, and d = 0.979] misattributions [t(55) = 3.129, p = 0.003, and d = 0.418].

To summarize, these results revealed several patterns for source attributions in the misinformation paradigm. For correct source attributions, they were significantly higher than incorrect source attributions in all the conditions; however, there was no significant difference between the Russian and English sources. Further analyses on incorrect attributions showed no significant results for the Russian and None sources, but not for the English source misattributions to the Russian source, which were significantly higher than the English source misattributions to the None source.



Source Monitoring Confidence

First, a 3 × 3 ANOVA for confidence ratings of correctly and incorrectly attributed sources (Table 2, Figure 4) showed significant main effect on confidence when the source was identified correctly, F(2,110) = 18.501, p < 0.001, and η2p= 0.252, or incorrectly, F(2,110) = 4.357, p = 0.015, and η2p=0.073, as well as their interaction, F(4,220) = 100.599, p < 0.00001, and η2p = 0.647.


Table 2. Means (SD) of confidence ratings for correct and incorrect source attributions.
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FIGURE 4. Confidence ratings for each correct and incorrect source. Error bars indicate SD.


For the correct source attributions (diagonal in Table 2), there were differences, F(2,110) = 17.569, p < 0.0001, and η2p= 0.242. In particular, the confidence for None-to-None attributions was higher than for Russian-to-Russian [t(55) = −7.109, p < 0.001, and d = −0.950] and English-to-English [t(55) = −4.013, p < 0.001, and d = −0.536]. At the same time, there was no difference in confidence ratings for correct source attributions between Russian-to-Russian and English-to-English [t(55) = −1.557, p = 0.125, and d = −0.208].

Analysis on confidence ratings for the incorrect attributions for the Russian source (when the Russian narrative was the correct source) demonstrated that differences in confidence between Russian-to-English [t(55) = 5.058, p < 0.001, and d =0.676] and Russian-to-None [t(55) = 6.716, p < 0.001, and d = 0.897] source misattributions were not significant [t(55) = 1.867, p = 0.067, d = 0.250]. Similarly, for the None source (when information was not presented in the narratives), differences in confidence between None-to-Russian [t(55) = 14.494, p < 0.001, and d = 1.937] and None-to-English [t(55) = 15.932, p < 0.001, and d = 2.129] source misattributions were also not significant [t(55) = 0.760, p = 0.451, and d = 0.102]. Finally, for the English source (when English narrative was the correct source), confidence ratings were higher for the English-to-Russian [t(55) = 5.974, p < 0.001, and d = 0.798] and the English-to-None [t(55) = 8.088, p < 0.001, and d = 1.081] misattributions, [t(55) = 3.540, p < 0.001, and d = 0.473].

To sum up, the results of the analyses on confidence complemented the results of source monitoring analyses and showed similar patterns. First, confidence for correct source attributions was higher than that for incorrect source attributions for all the conditions. Second, there was no significant difference in the confidence between correct attributions for the Russian and English sources. Finally, analyses on the confidence for misattributions showed no significant differences for the Russian and None sources; however, for the English source, the confidence was higher when incorrect attributions were made in favor of the Russian source rather than the None source, which fully mirrors the results of the source monitoring analyses.



Additional Analysis by the Level of Proficiency

One of the main criteria for the participants in this study was intermediate or higher levels of English language proficiency, which was necessary to ensure that the participants would not experience any difficulties in understanding the materials. Nevertheless, in an attempt to further explore how different levels of language proficiency can affect memory performance for misinformation and source monitoring, we ran an additional analysis between the groups of participants with intermediate (scoring from 16 to 19) and higher levels of proficiency (scoring from 20 to 25). Each group consisted of 28 participants. Mean proficiency for the Intermediate group was 17.39 (SD = 1.1) out of 25 points, and for the High proficient group, it was 22.6 (SD = 1.5) points out of 25.

Analysis on the false alarm rates (as shown in Table 3), confirmed the acceptance of misinformation in both the groups [Int: t(27) = 4.740, p < 0.001, and d = 0.896; High: t(27) = 2.748, p = 0.011, and d = 0.519]. The degree of misinformation accepted from the Russian and English languages did not differ within the groups [Int: t(27) = 1.622, p = 0.116, and d = 0.307; High: t(27) = −1.451, p = 0.158, and d = −0.274]. However, comparison between the level of groups revealed that the degree of misinformation acceptance from the English language was significantly higher in the High proficient group compared to the Intermediate group, t(27) = 2.460, p = 0.021, and d = 0. 465.


Table 3. Means (SD) of false alarm rates for control and misleading items for Intermediate and High proficient groups.
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Further analysis on the source monitoring within the proficiency groups demonstrated patterns similar to the results of the main analysis with the full sample (Table 4, Figures 5, 6). In both the groups, 3 × 3 ANOVA with the correct and incorrect source attributions of the participants showed no main effect for the correct source [Int: F(2,54) = 2.681, p = 0.078, and η2p= 0.090; High: F(2,54) = 0.458, p = 0.635, and η2p= 0.017] and incorrect source [Int: F(2,54) = 1.940, p = 0.154, and η2p= 0.067; High: F(2,54) = 1.999, p = 0.145, and η2p= 0.069]; at the same time, their interaction was significant [Int: F(2,54) = 28.700, p < 0.0001, and η2p= 0.515; High: F(2,54) = 46.088, p < 0.0001, and η2p= 0.631].


Table 4. Means (SD) of correct and incorrect source attributions for Intermediate (Int) and High proficiency groups.
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FIGURE 5. The proportion of answers for each correct and incorrect source for the Intermediate proficiency group. Error bars indicate SD.



[image: Figure 6]
FIGURE 6. The proportion of answers for each correct and incorrect source for the High proficiency group. Error bars indicate SD.


For the correct source attributions (diagonal in Table 4), for both the groups, None-to-None attributions were significantly higher than the Russian-to-Russian [Int: t(27) = −3.682, p = 0.001, and d = −0.501; High: t(27) = −4.342, p < 0.001, and d = −0.821] and English-to-English attributions [Int: t(27) = −2.649, p = 0.013, and d = −0.501; High: t(27) = −2.827, p = 0.009, and d = −0.534]. No significant differences were found in correct attributions between the Russian-to-Russian and English-to-English [Int: t(27) = −0.284, p =0.779, and d = −0.054; High: t(27) = −1.176, p = 0.250, and d = −0.222].

As for the incorrect source attributions, both the groups mostly followed the same patterns revealed by the main analyses; however, some minor differences were also found. For misattributions for the Russian source (when Russian narrative was the correct source), there was no significant difference between the Russian-to-English [Int: t(27) = 3.021, p = 0.005, and d = 0.571; High: t(27) = 3.285, p = 0.003, and d = 0.621] and Russian-to-None [Int: t(27) = 3.213, p = 0.003, and d = 0.607; High: t(27) = 3.456, p = 0.002, and d = 0.653] source misattributions [Int: t(27) = 0.306, p = 0.761, and d = 0.058; High: t(27) = −0.113, p = 0.911, and d = −0.021]. Similarly, for the None source (when information was not presented in the narratives), the difference between None-to-Russian [Int: t(27) = 9.050, p < 0.001, and d = 1.710; High: t(27) = 16.526, p < 0.001, and d = 3.123] and None-to-English [Int: t(27) = 9.613, p < 0.001, and d = 1.817; High: t(27) = 18.023, p < 0.001, and d = 3.406] source misattributions was also not significant [Int: t(27) = 0.683, p = 0.500, and d = 0.129; High: t(27) = −0.208, p = 0.837, and d = −0.039]. However, for the English source (when English narrative was the correct source), English-to-Russian misattributions [Int: t(27) = 3.026, p = 0.005, and d = 0.572; High: t(27) = 4.521, p < 0.001, and d = 0.854] were significantly higher than English-to-None misattributions [Int: t(27) = 5.128, p < 0.001, and d = 0.780; High: t(27) = 6.993, p < 0.001, and d = 1.322] only in High proficient group [Int: t(27) = 1.313, p = 0.200, and d = 0.248; High: t(27) = 3.993, p < 0.001, and d = 0.755].

Analysis on the confidence ratings of correctly and incorrectly attributed sources (Table 5; Figures 7, 8) showed the main effect for the correct source [Int: F(2,54) = 13.655, p < 0.001, and η2p = 0.336; High: F(2,54) = 7.280, p = 0.002, and η2p= 00.212]. However, only the Intermediate group demonstrated the main effect for the incorrect source [Int: F(2,54) = 3.964, p =0.025, and η2p= 0.128; High: F(2,54) = 1.673, p = 0.197, and η2p= 0.058]. Meanwhile, the interaction was shown to be significant for both the groups [Int: F(2,54) = 42.146, p < 0.0001, and η2p= 0.610; High: F(2,54) = 59.860, p < 0.0001, and η2p= 0.689].


Table 5. Means (SD) of confidence ratings for correct and incorrect source attributions for Intermediate (Int) and High proficiency groups.
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FIGURE 7. Confidence ratings for each correct and incorrect source for the Intermediate proficiency group. Error bars indicate SD.



[image: Figure 8]
FIGURE 8. Confidence ratings for each correct and incorrect source for the High proficiency group. Error bars indicate SD.


For the correct source attributions (diagonal in Table 5), for both the groups, confidence in None-to-None attributions was significantly higher than the Russian-to-Russian [Int: t(27) = −6.097, p < 0.001, and d = −1.152; High: t(27) = −4.329, p < 0.001, and d = −0.818]; however, confidence in None-to-None attributions was higher than for the English-to-English only in the Intermediate group [Int: t(27) = −3.891, p < 0.001, and d = −0.735; High: t(27) = −1.889, p = 0.070, and d = −0.357]. No significant differences were found for confidence in correct attributions between the Russian-to-Russian and English-to-English [Int: t(27) = −0.325, p = 0.748, and d = −0.061; High: t(27) = −1.826, p = 0.079, and d = −0.345].

Confidence for misattributions complemented previous results within the proficiency groups and mostly followed the patterns of the main analysis on confidence. For the Russian source (when Russian narrative was the correct source), in both the groups differences in confidence between Russian-to-English [Int: t(27) = 3.857, p < 0.001, and d = 0.732; High: t(27) = 3.351, p = 0.002, and d = 0.633] and Russian-to-None [Int: t(27) = 4.741, p < 0.001, and d = 0.896; High: t(27) = 4.710, p < 0.001, and d = 0.890] source misattributions were not significant [Int: t(27) = 1.238, p = 0.226, and d = 0.234; High: t(27) = 1.376, p = 0.180, and d = 0.260]. Similarly, for the None source (when information was not presented in the narratives), difference in the confidence ratings between None-to-Russian [Int: t(27) = 8.728, p < 0.001, and d = 1.649; High: t(27) = 12.216, p < 0.001, and d = 2.309] and None-to-English [Int: t(27) = 9.527, p < 0.001, and d = 1.800; High: t(27) = 13.694, p < 0.001, and d = 2.588] source misattributions were also not significant for both the groups [Int: t(27) = 1.089, p = 0.286, and d = 0.206; High: t(27) = −0.136, p = 0.893, and d = −0.026]. However, for the English source (when the English narrative was the correct source), confidence for English-to-Russian [Int: t(27) = 3.488, p = 0.002, and d = 0.659; High: t(27) = 4.956, p < 0.001, and d = 0.937] misattributions was significantly higher than for the English-to-None [Int: t(27) = 4.761, p < 0.001, and d = 0.900; High: t(27) = 6.878, p < 0.001, and d = 1.300] misattributions in the High proficient group [Int: t(27) = 1.570, p = 0.128, and d = 0.297; High: t(27) = 3.498, p = 0.002, and d = 0.661].

To sum up, exploratory analyses on misinformation and source monitoring within the groups of participants with Intermediate and High levels of proficiency, overall, followed the patterns revealed by the main analyses. Regarding misinformation, results, on the one hand, confirmed the misinformation effect in both the groups and no difference in the degree of the effect depending on the language of misinformation presentation within the groups. On the other hand, between groups analysis revealed higher misinformation acceptance coming from the English narrative for more proficient participants. As for source monitoring, correct source attributions were significantly higher than the incorrect source attributions in all the conditions; however, there was no significant difference between the Russian and English sources. Analyses for incorrect attributions showed no significant differences between the Russian and None sources; however, the English-to-Russian source misattributions were significantly higher than the English-to-None misattributions only in the High proficient group. Confidence ratings complemented these patterns and for the most part, showed similar results as in the main analysis on confidence.




DISCUSSION

This experiment aimed to examine the possible effects of language on memory errors. To investigate this relationship, we used the misinformation paradigm and explicit source monitoring task. Our main expectations were that the participants would be better, or, worse at rejecting misleading information that was presented in their second language due to increased, or, decreased cognitive processing of this information. Analyses showed that the misinformation effect was present; however, there was no difference in the degree of misinformation acceptance between the Russian and English narratives. Other studies on the misinformation effect in bilinguals did not either report significant differences between the conditions (Shaw et al., 1997) or attributed it to language proficiency (Calvillo and Mills, 2020). Specifically, Calvillo and Mills (2020) reported an increased misinformation effect in less proficient language. This study had some limitations; however, as the sample was not properly balanced between the English-Spanish and Spanish-English bilinguals, and what is more important, the measure of language proficiency was performed in the form of object-naming task and self-assessment. Although self-assessment of the abilities of the participants can be useful, it can be argued that object-naming tasks could not be an entirely reliable measure of proficiency when participants have to process information in more complex structures, such as texts. Therefore, a more reliable measure is necessary to ensure that the observed effect is not caused by a lack of linguistic command. In the current experiment, we used objective measures as the main measure of second language proficiency. All the participants completed a Cambridge test, and analyses were based on mainly high-proficient (intermediate and higher levels of proficiency) participants. Thus, the absence of the expected interaction between misinformation endorsement and the language can be explained in that as people get more proficient in a second language, their interaction with information does not differ in both languages.

This conclusion was further supported by the exploratory analysis of misinformation effect and source monitoring between the participants with the Intermediate level of English language proficiency and participants with the higher levels of proficiency. Comparison of the degree of misinformation acceptance in English showed significant differences suggesting that the misinformation effect was greater for the High-proficient group than for the Intermediate group. A recent review of false memories in the bilingual Deese-Roediger-McDermott (DRM)-paradigm by Suarez and Beato (2021), also found that false memories are greater in participants with higher proficiency compared to the ones with lower levels and do not differ when the command of the participants in both the languages is similar. Importantly, the authors propose that it is not proficiency per se but rather dominance and environmental and interactional context that plays a major role in such differences (Beatty-Martínez et al., 2020; Suarez and Beato, 2021).

Indeed, both the results by Calvillo and Mills (2020), as well as the results of the current experiment could also be explained by the expectations, the participants have in a particular experimental setting and linguistic environment (Marian and Fausey, 2006), as well as their general higher confidence in their more proficient language. Representative to this notion is a study by Marian and Neisser (2000) examining a cued recall for autobiographical memories in Russian-English bilinguals. The results indicated that regardless of the language in which the cue was presented (Russian or English), the recall of the participants was mainly influenced by the linguistic environment of the experiment, i.e., when interactions between the experimenter and participant were overtly in the Russian language, recalled were the memories that had been mainly encoded in the Russian language context. Indeed, almost all of the materials (with the exception of the English narrative) and instructions and recognition tasks were presented in Russian, and therefore, the retrieval of information was conducted in Russian. The effect of the linguistic environment and the language of information retrieval could be further tested in the future using a mirroring experiment, in which English is the main language of the experiment, with some of the materials being in Russian, as well as the cross-linguistic paradigm introduced by Shaw et al. (1997).

In relation to source monitoring performance, our expectations of the differences in misinformation effect among the languages were not confirmed. However, the ANOVA revealed that participants favored Russian sources when making incorrect source attribution for the English source (i.e., when the original source of information was the English narrative). Analysis of confidence ratings complemented these results, showing higher confidence ratings in such misattributions. This implies that participants, indeed, treated this information as coming from a Russian source. There was no similar pattern for other observed sources (Russian and None). These results may be an indication that the participants might have invested more resources in processing the information in the English language, which was one of the theories underlying the hypotheses in the current research. As mentioned in the previous sections, the source monitoring framework argues that memory judgments are thought to be based on phenomenological cues and meaningful details that are assigned to particular sources (Raye and Johnson, 1980). In the case that information processing in English was more effortful, more cognitive information would be assigned to this source, making it more distinguishable in that dimension. Therefore, participants were able to recognize the information as coming from the narrative, but for some reason attributed it to the wrong source.

Alternatively, it could also be argued that observed differences in source misattributions were caused by the structural differences between the languages themselves. Although Russian and English do not have such specific grammar features like Japanese or Turkish, they still demonstrate many differences (absence or presence of case system, personal ending in verbs, declination of adjectives by gender, etc.) that can influence the source monitoring processes. So, in the future, the effect of these linguistic features on source monitoring could be investigated with more precision.

Finally, there might be one more possible explanation for this effect. As discussed, source confusion is considered to underlie the misinformation effect, resulting in individuals confusing the source of original information and the source of postevent information. On the one hand, the presence of the misinformation effect in the current experiment implies that participants confused the sources of original (video) and postevent (narratives) information. On the other hand, the results of source monitoring showing a preference for Russian narrative in the English source suggest that participants recognized that information came from the narrative but could not indicate the exact narrative. It was argued that it is more difficult to determine the origin of memories derived from external sources than, for example, to discriminate between the external and internal sources (Raye and Johnson, 1980). Memories from external sources are to be distinguished based on specific sensory content. Thus, it is more difficult to distinguish between the external sources when they are of the same or similar modality as sensory information related to these sources is similar.

In the case of our experiment, all the sources were external, but they differed in modality and could have provided different cues to justify source judgments. It might have been easier to distinguish between the information that came from the video and narratives (different modalities) than to discriminate between the information coming from two narratives (same modality). Therefore, participants were better at recognizing the modality of information, but not the source (English or Russian). In the future, the influence of modality can be further tested in other source monitoring paradigm, such as reality monitoring.

To our knowledge, this study is the first bilingual misinformation paradigm that did not manipulate the language of encoding and retrieval, but rather presented misleading information in two languages and measured its acceptance directly using explicit source monitoring tasks. The degree of misinformation acceptance did not seem to be affected by the language of misleading information; however, there might be still an influence on general information processing as shown by the results from the source monitoring task. Specifically, findings of the source monitoring task raise the basis for further examination of how exactly the monitoring processes work in bilinguals which can have important implications, both theoretically and practically.
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The COVID-19 pandemic has caused major disruptions in people’s lives around the globe. Sleep habits and emotional balance have been disturbed in a way that could be comparable to the havoc caused by a deep personal crisis or a traumatic experience. This unfortunate situation provides a unique context in which to study the impact of these imbalances on cognitive processes. In particular, the field of eyewitness science could benefit from these conditions, since they are also often present in crime victims, but can only be generated in the laboratory up to a certain ethical and practical limit. For several decades, eyewitness studies have tried to discover what variables affect people’s ability to properly recognize faces. However, the disparity of experimental designs and the limitations of laboratory work could be contributing to the lack of consensus around several factors, such as sleep, anxiety, and depression. Therefore, the possibility of observing the influence of these agents in natural contexts could shed light on this discussion. Here, we perform simple and repeated lineups with witnesses of mock-crime, considering the conditions related to the COVID-19 pandemic, which to some extent allow emulating the deterioration in general well-being that often afflicts crime victims. For this, 72 participants completed symptomatology scales, and watched a video portraying a staged violent episode. Subsequently, they gave testimony and participated in two lineups, in which we manipulated the presence/absence of the perpetrator, to recreate critical scenarios for the appearance of false recognitions. We found an increase in recognition errors in those individuals who did not have access to the perpetrator during the Initial lineup. Additionally, the conditions of the pandemic appear to have adversely affected the ability to witness and accurately perform lineups. These results reaffirm the need to move toward the standardization of research practices and methods for assessing testimonial evidence, especially in relation to the results of the lineups. Considering the degree of fallibility of these processes can lead to a reduction of wrongful convictions.
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INTRODUCTION

Since the beginning of the COVID-19 pandemic, mental health surveys have been conducted consistently around the world. The concern arises from the fact that social isolation, confinement, and sedentary lifestyle are directly associated with a broad range of mental disorders (Shah et al., 2021). The results of these studies indicate a significant prevalence of negative feelings, derived from the fear of being infected, economic instability, frustration, and boredom (among others) (Brooks et al., 2020). As a result of this unfavorable situation, intense symptoms of anxiety (a psychophysiologic sign of stress, Robinson, 1990) and depression have been observed in large segments of the population (Ozamiz-Etxebarria et al., 2020; Shah et al., 2021; Sheridan et al., 2021), as well as significant disturbances in sleep habits (Barros et al., 2020; Jahrami et al., 2021). This unfortunate situation provides a unique opportunity to study how these disturbances affect various human activities, especially in those areas where the lack of consensus could be a direct consequence of ethical and methodological limitations. Such is the case of eyewitness studies.

A difficulty that constantly appears throughout most of the background in eyewitness science is the limitation (fundamentally ethical) to produce ecological conditions in the laboratory (Valentine and Mesout, 2009), that is, levels of anxiety, depression, or sleep loss like those that could be observed in crime victims. The need to find a way to compensate for these methodological flaws becomes evident when contemplating the consequences of the scarcity of applicable knowledge.

According to information from the Innocence Project organization1, 72% of wrongful convictions in the United States are strongly determined by incorrect identifications in lineups. Even acting in good faith, people may misrecognize an individual in a lineup, due to various environmental and personal factors. In order to understand this, we must understand memory as highly malleable and subject to distortion and not as a video camera that faithfully reproduces the past (Clifasefi et al., 2007). These distortions can lead to the formation of false memories, that is, memories of events that never occurred, or memories with added or altered details (Loftus, 2003; Newman and Lindsay, 2009).

The formation of false memories constantly occurs in everyday life. Without realizing it, people incorporate details and characters that come from dreams, external suggestions, or confusion to their anecdotes (Reyna et al., 2016). In terms of the ability of making decisions in lineups and describing events, memory errors can have drastic consequences (mainly in the legal field). Therefore, it is imperative to discover what processes favor their appearance and how they can be reduced.

The emotional conditions of individuals are some of the most studied factors for their influence on the ability to recognize faces (Edelstein et al., 2004). In particular, the impact of a witness’s level of stress has been extensively addressed, considering the high stress that criminal acts, and subsequent police processes can generate (Dobson and Markham, 1992; Deffenbacher et al., 2004).

The models that relate stress and general cognitive performance have become more complex over the years, to capture more and more nuances, and account for the vastly disparate results in experimentation. This complexity is transferred directly to eyewitness studies, in general, the results found in the existing literature are mixed (Valentine and Mesout, 2009). Evidence of a facilitating effect has been found, in which subjects under higher stress have more accurate memories of a witnessed event (Lindberg et al., 2001). Yuille et al. (1994) presented a group of police recruits with a simulation task in which a situation of greater or lesser stress was set. In the following weeks, the participants were interviewed, and it was observed that those who had participated in the high-stress set-up, reported more precise details. Opposite findings have also been made (Pezdek et al., 2020), in which witness performance worsens as stress arises. Morgan et al. (2004) studied the performance in lineups of a group of soldiers enrolled in a military survival academy. After a 12-h confinement in a simulated prison camp, the participants experienced a low- or high-stress interrogation (the interrogators were more or less aggressive). A day later, the soldiers went through a lineup trying to identify their interrogators. A dramatic decrease in accuracy was observed in the high-stress group, compared to the low-stress group. According to Tyng et al. (2017) stress can affect performance on memory tasks, both positively and negatively. This depends mainly on the intensity of the stimulus, type of memory involved, and the phase of the memory process where the excitation is applied (Deffenbacher et al., 2004). A very popular current theoretical model proposes that the release of hormones during stress (particularly catecholamines and glucocorticoids) turns the stressed organism in a “memory formation mode” that prioritizes the encoding and storage, to the detriment of retrieval. This mechanism has an adaptive value, since it prioritizes the acquisition of information in a potentially dangerous environment and can explain the performance of our participants, who learned better, but retrieved worse at higher levels of arousal (Schwabe et al., 2012).

Depressive mood is another emotional disturbance that usually appears in witnesses and crime victims (Norris and Kaniasty, 1994). This affliction can persist for long periods (it can encompass the entire judicial process) and can result into a major depressive disorder, interpersonal problems, and even lead to suicide (Rounding et al., 2014). There is evidence suggesting that chronically negative mood states increase the possibility of selecting the target in a lineup. Rounding et al. (2014) showed a group of healthy subjects a series of images of faces, while assessing the possible presence and intensity of their depressive symptoms. A week later, the same individuals had to make an identification on a series of six-person lineups, attempting to recognize the faces previously observed. The results showed that those with mild sustained dysphoria generally had greater accuracy than those without symptoms and those severely depressed. This effect is usually stable and is not affected by acute mood changes, whether it is positive feelings or new depressants (unless the latter are very intense). In general, it is considered that individuals with high depressive symptoms elaborate the information stored in memory in an active and biased way, that is, they tend to select the details that make up negative events with violent or unpleasant elements, which in a certain way reaffirm their biased perception of reality (Watkins et al., 1996). As a result, one of the most robust findings in the literature on depression is that depressed subjects had a stronger and more persistent memory of negative events, while they more easily forget the positive or pleasant (Gotlib and Joormann, 2010).

Outside emotional factors, there are variables related to the individual that must be considered when studying their performance in lineups. Among them, sleep is one of fundamental importance, given its role in the acquisition, consolidation, and integration of new information (Rasch and Born, 2013). In general aspects, it is quite clear that sleep is beneficial for memory (Walker, 2009). However, when observing this relationship in greater depth, it becomes evident not only that this facilitating effect differentially affects the different memory phases, but that it is also capable of producing undesired results. Sleep favors subsequent memory acquisition while sleep disturbances can lead to an encoding decline (Van Der Werf et al., 2009) and this effect is usually explained by the synaptic homeostasis hypothesis (Tononi and Cirelli, 2003). According to this hypothesis, sleep favors the decay of weak synaptic connections formed during wakefulness, performing a downscaling of the synapses, which benefits strong connections (increasing the signal-noise ratio), and highlighting the information that is most valuable. Because of this downscaling, adequate sleep translates into increased encoding ability during later wakefulness. However, the beneficial effect of sleep does not stop there. Sleep also improves memory consolidation (Born and Wilhelm, 2012) through active consolidation processes. This theory proposes that during sleep, specifically during Slow Wave Sleep (SWS) recently acquired memories are spontaneously reactivated, promoting the gradual redistribution of hippocampus dependent memories from the hippocampus to neocortical areas where they will be stored in long term networks. Furthermore, Rapid Eye Movement (REM) sleep favors integration of memories (Payne, 2014). An integral part of this process is the joint reactivation of new and old memories, to find overlaps and extract central ideas that link the information units to each other (Diekelmann and Born, 2010). These central ideas tend to be more durable in time than specific details (these tend to disappear more easily) and have been identified as possible causes of false memories (Payne et al., 2009). Thus, when we remember a certain event, it is much easier to access its meaning than its details. For this reason, when producing a detailed account, we may find blank spaces, that is, elements that are missing. Furthermore, the stronger a central idea (gist) is, and the weaker the recall of details, the more we will tend to produce false memories (Brainerd and Reyna, 2002).

These claims about the impact of sleep on general memory processes have considerable consensus and are well documented. However, when attempting to translate these results into the specific field of eyewitness science, drawbacks arise. Studies are scarce, and the results are mixed. For example, Stepan et al. (2017) showed the participants a mock-criminal video and performed a photographic lineup 12 h after in the presence or absence of the target. The participants that slept between the training and the testing sessions had a better performance rejecting the innocent when the perpetrator was absent in the lineup. Nevertheless, in a similar procedure, Morgan et al. (2019) did not observe differences between groups of participants that either slept after the training or remained awake.

When considering the ability to recall details, it has been observed that the quality of sleep prior to the mock-crime influences performance, in fact, as the quality of sleep decreases, the ability to recall details also decreases. Thorley (2013) showed a video of a simulated crime to a group of subjects who reported their level of sleepiness. They also completed sleep quality scales, referring to the night prior to the experiment. In a later recall of what was watched in the video, it was observed that as sleep quality decreases and sleepiness increases, individuals tend to report less detail. This result goes in line with several studies showing that sleep deprivation impairs memory acquisition during subsequent wakefulness (Kaida et al., 2015). Furthermore, the relationship between confidence in choice and accuracy decreases under conditions of sleep deprivation (Blagrove and Akehurst, 2000).

As has been observed there are few clear trends and consensus still needs to be reached on multiple issues. For this reason, locating the experiment in a natural environment, which spontaneously presents one or more of these characteristics (Morgan et al., 2013) could be beneficial, and bring some clarity about misidentifications.

A particular problem very present in police practices in some regions of the world is that of repeated lineups. Particularly in the case of Latin America, these procedures are applied despite being strongly contraindicated. Repeated lineups have been extensively studied and are generally considered unreliable. During the second lineup, people are often retroactively influenced by the first (Steblay and Dysart, 2016). This may be due to the occurrence of a “compromise effect,” that is, a person tends to repeat their choices, to show consistency to themselves and others (Valentine et al., 2012; Lin et al., 2019). It can also be due to the “transference effect” (Loftus, 1976), the inability of an eyewitness to distinguish between a familiar but innocent person, from the actual criminal that was observed at the scene of crime (Ross et al., 1994). Finally, it can also be caused by the process of memory reconsolidation (especially in the absence of the perpetrator during the first lineup). That is, during the initial lineup some faces of the foils could have similar features as the target, triggering a prediction error, i.e., the mismatch between what is predicted according to previous experiences and what is encountered during re-exposition allowing memory labilization (Forcato et al., 2020). In this case, the memory would be updated during reconsolidation, incorporating erroneous information from the faces present in the lineup into the original memory.

However, studies on multiple identifications often do not consider the impact of sleep and emotional variables on the process (since observation tends to focus on repetition itself). Given the influence that these variables seem to have on simple identifications, and the fact that repeated lineups are still practiced in some countries, it is of interest to contemplate this case from an exploratory perspective.

In this exploratory study, we will analyze the impact on performance in simple and repeated lineups, of emotional states and sleep habits during the lockdown related to the COVID-19 pandemic.

Finally, the influence of the same variables in tasks of free recall and chronological order of images will be studied, seeking to determine if the relationships are repeated through different memory modalities.

To this end, two groups of subjects completed psychometric scales, watched a video of an incident at a conference, and gave their oral testimony (day 1). 24 h later, they tried to identify the perpetrator in a photographic lineup, in the presence (With perpetrator group) or absence (Without perpetrator group) of the perpetrator (day 2). On day 8 both groups carried out a definitive lineup in present condition. Additionally, they gave a final testimony, and were tested for the episodic temporal order of the event.



MATERIALS AND METHODS

The participants were 78 Argentines recruited online through the official social networks of the Sleep and Memory Lab. Applicants underwent a prior online interview with the experimenter, to ensure that they met the inclusion criteria. They also had to demonstrate that they had the appropriate technical resources (PC and fast enough Internet etc.), and basic knowledge of how to use them. The sample size was decided according to previous studies sharing similar designs (Wells, 1984; Steblay et al., 2013). These studies with comparable sample size have demonstrated significant effects of behavioral intervention, suggesting the reproducibility of these effects on memory with similar sample size.

For the collection of sociodemographic data and symptomatological scales, the Google Forms platform was used. This form of data collection has been shown to be equivalent to traditional forms of collection (Weigold et al., 2013). Then, the experiment was carried out through the Google Meet video calling platform with the experimenter guiding the entire process. It was controlled that all people have access to a computer screen (not cell phone) and that they have quality internet connection. The experiments were approved by the Alberto C. Taquini Biomedical Research Ethics Committee. 6 participants were excluded from the data analyzes because they only completed the first session of the experiment (day 1) and did not show up to the following meetings. The final sample consisted of 72 subjects (Age M = 29 ± 6, years, Table 1). Inclusion criteria: The participants stated that they were not ill during the experiment, did not suffer from mental disorders, took psychiatric medication, or had sleep disorders. The experiments were carried out between the months of April and September 2020, within the period of preventive and mandatory social isolation in Argentina.


TABLE 1. Sociodemographic data.

[image: Table 1]

Procedure

The entire study was conducted online, at the beginning of each session, the participants entered a video call with the experimenter, who provided instructions, showed the stimuli through streaming, and supervised the tasks.

On day 1, after signing the informed consent, they completed the first part of the sociodemographic questionnaire, State-Trait Anxiety Inventory (STAI-Y), and Beck Depression Inventory (BDI-II). Immediately after, they watched a video called “The Incident,” featuring an individual acting aggressively in front of a crowd, and after that, the Initial free recall was performed. 24 h later (day 2), the participants completed the Stanford Sleepiness Scale (SSS), the State Anxiety Inventory, and carried out the Initial lineup. On day 8, the participants performed the Final lineup. Immediately after, a Final free recall of the video watched on day 1 was executed. Finally, they completed the Chronological order task, the Pittsburgh Sleep Quality Index (PSQI), the STAI-Y, and the second part of the sociodemographic questionnaire (Figure 1).
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FIGURE 1. Experimental procedures. The scales and questionnaires included the sociodemographic questionnaire, State-Trait Anxiety Inventory, Beck Depression Inventory (BDI-II), and the Pittsburgh Sleep Quality Index (PSQI). The incident stands for the video of a perpetrator entering a conference. The initial lineup was formed by the presentation of 6 photos where the perpetrator could be present (With perpetrator group) or absent (Without perpetrator group). During the final lineup 6 photos were shown, including the perpetrator’s. Icons “To do list,” “Video player,” “Recording,” “Suspect,” and “picture” made by Freepik [https://www.flaticon.com/authors/freepik] from www.flaticon.com.




The Incident (Video)

The video showed a conference in a room with numerous people. After about 30 s, a young man broke into the meeting to deliver a message. At that moment he argued with the main speaker of the talk, and became violent, yelling, and throwing objects to the ground. After this, he withdraws muttering. The speaker tried to retake the talk, and the video ended. It was filmed in high definition, by three cameras that alternated presenting a general panorama of the front of the room. It took 90 s.



Initial Lineup

Subjects were presented with an image, simultaneously showing the photographs of 6 bearded males of similar ages and builds, randomly ordered, in black and white, numbered from left to right from one to six, in the form of a typical six-person lineup (lineup consisted of 5 foils and the perpetrator). For the Without perpetrator group, the perpetrator was extracted and another man with similar characteristics was added (lineup consisted of 6 foils). The participants were asked to observe the image for as long as necessary, noting the number that accompanies each photo. It was instructed that they had to identify the person who had broken into the talk or reject the lineup. The subjects received an unbiased instruction, which indicates the possibility of the absence of the perpetrator (“Now you are going to see a lineup with six photos, among which the person who broke into the video you saw yesterday may or may not be found. Take your time to see them. If you identify the suspect, I will ask you to tell me the number that accompanies his photo. If you consider that he is not present, tell me”). In response, they provided a number, or rejected the lineup. Immediately afterward, they were asked for an estimate of the degree of confidence in their own decision, with a number between zero and one hundred, representing with zero the absolute lack of confidence.

A total of 40 participants were recruited to assess an online fairness test of the with perpetrator six-persons lineup (lineup consisted of 5 foils and the perpetrator), and 64 participants for the six-person lineup that had no perpetrator, via a mock witness paradigm (lineup consisted of 6 foils) (Malpass and Lindsay, 1999). A group of simulated witnesses, who have not witnessed the crime video and who did not know the identity of the perpetrator, received a brief description of the perpetrator, and were asked to select the suspect from the list based on this description. For the lineup to be considered fair, the mock witnesses should not be able to identify the suspect at a rate greater than chance (lineup bias), and the distribution of their choices should be spread equally over the lineup members (lineup size, Brigham et al., 1999). In order to measure the lineup size, the Acceptable Lineup Members technique (ALM) was used (Malpass and Devine, 1983). A total of 75% was the minimum percentage of the probability expectation considered acceptable (Brigham et al., 1990). The Functional Size was used to measure the lineup bias (Wells et al., 1979).

In the lineup that included the perpetrator, an ALM of 3.40 and a Functional Size of 5 were obtained. In the lineup without the perpetrator an ALM of 2.50 was obtained.



Initial and Final Free Recall

The participants were instructed to describe in as much detail as possible what they had watched in the video, mentioning that it might include dialogues, characteristics of the people (clothes and physical qualities, etc.) and the place, among other elements. The free recall was recorded, and the total number of details was counted and classified according to their veracity in correct and incorrect details. When counting the number of details, we considered actions, persons, objects, and elements of the environment. Every detail was counted only once, no matter how many times it was repeated in history. The instruction was “Now I’m going to ask you to describe, in as much detail as possible, what you have watched in the video. You can include dialogues, characteristics of the people (clothes and physical characteristics, etc.) and the place. I am going to record everything you say with the recorder.



Final Lineup

During this test, the lineups of both groups included the perpetrator. It was similar to the Initial lineup, but the set of photographs was personalized, so that each subject could repeat their previous choice. Within the group of 6 photos, there were 3 new faces, and 3 previously seen (among which was the suspect chosen in the Initial lineup, if one has been chosen). On this occasion, both groups had access to the perpetrator and 5 foils, and the order of the photos was semi-randomized, so that none of the previously seen individuals occupied the same place. The fairness control of this lineup was carried out in the same way as in the Initial lineup and 40 mock witnesses were used. It obtained an ALM of 4.13 and a Functional Size of 5.



Socio-Demographic Questionnaire

It included contact information, sex, age, educational level, occupation, cohabitation group, intake of medication, and presence of sleep disorders.



State-Trait Anxiety Inventory

Based on a 4-point Likert scale, it contains 40 questions that are used to estimate two types of anxiety: state anxiety (the level of anxiety experienced at the time of performing the task) and trait anxiety (the personality-integrated anxiety of the individual) (Spielberger et al., 1970). The adaptation of this test for Argentina was used (Leibovich de Figueroa, 1991).



Beck Depression Inventory

It is a multiple-choice inventory used to measure severity of depressive symptoms during the past 2 weeks. It is made up of 21 items that cover emotional, cognitive, and behavioral aspects (BDI-II; Beck et al., 1996).



Chronological Order Task

The participants were provided with 5 images semi-randomly extracted from the video, and they were asked to order them chronologically, starting with the one that was observed first. The five images were presented simultaneously and the time to respond was unlimited. The task was scored considering the performance in terms of two factors: absolute location (that the first observed image was assigned to place 1) and relative location (that the first observed image was assigned to a position prior to the second observed image). The result obtained varies between 0 and 5, a higher score represents a better performance.



Pittsburgh Sleep Quality Index

It is a self-administered questionnaire that assesses the quality of sleep integrating several factors, such as its latency, duration, and efficiency. Each component receives a score between 0 and 3, and is subsequently added to the others, having a result of between 0 and 21 points. Higher scores represent poorer quality of sleep (Buysse et al., 1989).



Statistical Analysis

Statistical analyzes were carried out in the statistical software IBM SPSS Statistics 25, and RStudio Version 1.3.1073. The scores of the three symptomatology scales (STAI-Y, BDI-II, PSQI) were transformed into categories above and below average (low/high) in a similar way to the procedure of Valentine and Mesout (2009). The results of the Initial lineup for the With perpetrator group were considered: “target selection” if they selected the suspect, “foil selection” if they selected a wrong suspect and “incorrect rejection” if they rejected the lineup. In the case of the Without perpetrator group, the results of the Initial lineup were considered as “correct rejection” if they rejected the lineup and “foil selection” if they selected a wrong suspect. The results of the Final lineup were considered in the same way for both groups: “target selection” if they selected the suspect, “incorrect rejection” if they rejected the lineup and “foil selection” if they selected a foil. Considering the low number of participants who did not select anyone, “foil selection” and “incorrect rejection” were analyzed together. The score obtained from the Chronological order task was used as a direct value. The correct, incorrect, and total details were used as direct values. Additionally, the difference in the number of details (total, correct and incorrect) between day 1 and day 8 was treated as a direct value and as a proportion (memory change). We referred to the set of variables related to recall as: recall variables.

The frequency of target selection for the With/Without perpetrator groups, in the Initial and Final lineup, was analyzed with Pearson’s chi-squared test. We further calculated the Odds ratio. Additionally, chi-squared was used to compare the frequency of target selections of the subgroups (within With/Without perpetrator) of high or low anxiety, depression and quality of sleep, both in the Initial lineup and in the Final lineup, between them and against the chance level.

The recall variables were analyzed with two-tailed T-test comparing the high and low level of the symptomatology variables. The score of the chronological order task was related to symptomatology variables in the same way.

A paired t-test was used to compare recall variables between Initial and Final free recall. For the non-parametric variables, we used the Wilcoxon Signed-Ranks Test.

All tests were performed with a fixed alpha of 5%.

Additionally, to evaluate the relationship between the accuracy of the elections and the confidence attributed to them, two types of analysis were carried out. Initially, Point Biserial Correlation was applied (Krug, 2007) and then CAC curves were performed. To calculate the value of the correct proportion corresponding to each confidence level (low 0–50%, medium 60–80%, or high 90–100%) the following formula was used: # Correct identifications/# Correct identifications + # Incorrect identifications (Mickes, 2015).



RESULTS


Lineup Recognition

Regarding the repetition of the lineup, we observed that in the With perpetrator group 43% (N = 17) of the participants selected the target on Day 8, significantly higher than the 22% (N = 7) selected by the Without perpetrator group [Figure 2A, χ2(1) = 4.03, p = 0.045, φc = 0.24]. Thus, the target selection was alarmingly low for both groups. However, if we consider that by chance 17% (one sixth) of the subjects would select the target, we observed that the With perpetrator group was significantly higher than the chance level [χ2(2) = 6.02, p = 0.01, φc = 0.28]. This difference was not observed for the Without perpetrator group [χ2(2) = 0.10, p = 0.76, φc = 0.04]. Furthermore, based on the odds ratio, the odds that a subject would recognize the target on Day 8 would be 2.96 times higher if the perpetrator had been available during recognition on Day 2.
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FIGURE 2. Lineup recognition. (A) Percentage of target selection and incorrect rejection + foil selection for the With perpetrator and Without perpetrator groups on day 8. With perpetrator group: target selection (N = 17), incorrect rejection (N = 0), and foil selection (N = 22). Without perpetrator group: target selection (N = 7), incorrect rejection (N = 1), and foil selection (N = 25). (B) Percentage of maintained and not maintained choices between day 2 and 8 for the With perpetrator and Without perpetrator groups. With perpetrator group: maintained choices (N = 28), not maintained choices (N = 11). Without perpetrator group: maintained choices (N = 20) and not maintained choices (N = 13). (C) Percentage of correct and incorrect maintained choices. With perpetrator group: correct (target selection/target selection, N = 12); incorrect (incorrect rejection/foil selection, N = 4 and foil selection/foil selection, N = 17). Without perpetrator group: correct (correct rejection/target selection, N = 1); incorrect (foil selection/foil selection, N = 24). The following choices were not present in the sample: incorrect rejection/incorrect rejection (for the With perpetrator group) and correct rejection/target selection and foil selection/incorrect rejection (for Without perpetrator group). *p < 0.05; NS, p > 0.05. The dashed lines stand for the chance level (17% of correct responses).


There were no significant differences between groups for the maintained choices between the recognition at Day 2 and the test at Day 8 (choose the same photo in both lineups) (Figure 2B, With perpetrator group: 72% (28), Without perpetrator group: 60% (20) [χ2(2) = 1.01, p = 0.32]. However, within these repeated identifications, the rate of correct choices was different for both groups. While the With perpetrator group showed that 46% (N = 13) of their repeated choices were correct (target selection-target selection), the Without perpetrator group showed that only one of their maintained choices was correct (correct rejection-target selection, Figure 2C, χ2(2) = 9.69, p < 0.01). It is important to consider that in the case of the Without perpetrator group a maintained correct identification would imply that the participant would have rejected the foils on Day 2 and have chosen the perpetrator on Day 8 while participants in the With perpetrator group have access to the perpetrator in both tests. We further analyzed the incorrectly maintained choices of the Without perpetrator group. We observed that 39% (N = 12) of the participants did not repeat the same choice in the Final lineup. However, 61% (N = 19) chose the same foil twice, significantly different to the choice level [χ2(1) = 13.33, p = 0.0003, φc = 0.46].

Regarding the Initial lineup, 36% (14) of the participants in the With perpetrator group achieved a target selection in the Initial lineup, while only 6% (N = 2) of the Without perpetrator group correctly rejected the lineup.

To verify the accuracy-confidence relationship in the Initial and Final lineup, Point Biserial Correlation was applied (Krug, 2007). Regarding the Initial lineup, the calculation was only performed with the With perpetrator group (due to the low frequency of correct rejection of the lineup for the Without perpetrator group) and no significant associations were found (rpb = 0.240, p = 0.140). In the Final lineup no significant relationships were found, both for the With perpetrator group (rpb = 0.003, p = 0.987), and for the Without perpetrator group (rpb = 0.073, p = 0.685). In addition, the CAC curves were performed to comprehensively evaluate the confidence-precision relationship. Confidence was divided into low confidence (0–50%), medium confidence (60–80%) and high confidence (90–100%). To calculate the value of the correct proportion corresponding to each confidence level, the following formula was used: # Correct identifications/# Correct identifications + # Incorrect identifications (Mickes, 2015). In the Initial lineup for the target selection, only the With perpetrator group was analyzed, since the other group had no target in the lineup. Correct proportions of 0.11 (N = 4), 0.23 (N = 8), and 0.05 (N = 2) were obtained for low, medium, and high confidence, respectively (Figure 3A). In the Initial lineup for the foil selection, the With perpetrator group presented an incorrect proportion of 0.08 (N = 3), 0.38 (N = 13), and 0.11 (N = 4) in low, medium and high confidence, respectively. The Without perpetrator group presented at low confidence an incorrect proportion of 0.71 (N = 7), at medium confidence 0.78 (N = 23), and in high confidence an incorrect proportion of 0.66 (N = 1) was found (Figure 3B). In the Final lineup for the target selection, the With perpetrator group presented correct proportions of 0.07 (N = 3), 0.28 (N = 11), and 0.07 (N = 3) in low, medium, and high confidence, respectively. The Without perpetrator group presented correct proportions of 0.12 (N = 4), 0.09 (N = 3), and 0 (N = 0) in low, medium, and high confidence, respectively (Figure 3C). Finally, in the Final lineup for the foil selection, the With perpetrator group presented incorrect proportions of 0.17 (N = 7), 0.28 (N = 11), and 0.10 (N = 4) in low, medium and high confidence, respectively. The Without perpetrator group presented incorrect proportions of 0.25 (N = 8), 0.46 (N = 15), and 0.06 (N = 2) in low, medium, and high confidence, respectively (Figure 3D).
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FIGURE 3. CAC curves for participants who made an election (choosers) in the Initial and Final lineups. (A) CAC curves for the target selection of the With perpetrator group of the Initial lineup. (B) CAC curves for the foil selection of the With perpetrator and Without perpetrator groups of the Initial lineup. (C) CAC curves for the target selection of the With perpetrator and Without perpetrator groups of the Final lineup. (D) CAC curves for the foil selection of the With perpetrator and Without perpetrator groups of the Final lineup. The perpetrator was included in the Final Lineup of both groups.




Symptomatology Scales and Lineup Recognition

We divided the symptomatology scales into high and low scores (depression score: high ≥ 9.17, low < 9.17; anxiety score: high ≥ 35.14, low < 35.14; and sleep quality score: high ≤ 6.78, low > 6.78). No significant differences were found between the With and Without perpetrator groups in terms of levels of depression [χ2(1) = 2.36, p = 0.12, V = 0.18], anxiety at day 1 [χ2(1) = 0.14, p = 0.91, V = 0.14], anxiety at day 8 [χ2(1) = 0.56, p = 0.45, φc = 0.09], and quality of sleep [χ2(1) = 0.21, p = 0.65, φc = 0.05]. A summary of the symptomatology scale scores (divided by groups) can be found in Table 2.


TABLE 2. Symptomatology scales.

[image: Table 2]No significant associations were found between the performance of the With perpetrator group on the Initial lineup, and levels of anxiety at day 1 [χ2(1) = 0.03, p = 0.86, V = 0.03], depression [χ2(1) = 0.25, p = 0.62, V = 0.08] and sleep quality [χ2(1) = 1.1, p = 0.30, V = 0.17]. None of the high/low subgroups of the three symptom scales achieved target selections above the chance level in the Final lineup.

Once again, due to the low number of correct rejections (2) in the Without perpetrator group, the possibility of making comparisons within this group in the Initial lineup was ruled out.

We further differentiated the identifications made in the Final lineup for the With perpetrator group, dividing the participants in high and low symptomatology scores. We observed no significant differences for the target selection between high and low anxiety score on day 8 [Figure 4A, χ2(2) = 1.23, p = 0.27, V = 0.18], high and low anxiety score on day 1 [Figure 4B, χ2(2) = 1.77, p = 0.18, V = 0.21], high and low depression score [Figure 4C, χ2(2) = 3.75, p = 0.053, V = 0.31], high and low sleep quality score [Figure 4D, χ2(2) = 1.95, p = 0.16, V = 0.22]. However, we find that the target selection for the low anxiety at day 8 were significantly above the chance level [χ2(2) = 5.73, p = 0.02, φc = 0.39], also for high anxiety at day 1 [χ2(2) = 4.8, p = 0.03, φc = 0.39], high depression [χ2(2) = 6.2, p = 0.13, φc = 0.51] and high sleep quality condition [χ2(2) = 5.9, p = 0.15, φc = 0.41]. No other subgroup achieved target selections significantly above the chance level (1.11 < (χ2(2) < 2.13, all ps > 0.29).
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FIGURE 4. Symptomatology scores and percentage of target selection (correct) and incorrect rejection + foil selection (incorrect) for the With perpetrator group at Final lineup. (A) Percentage of correct and incorrect recognitions for high and low anxiety scores on day 8. Low anxiety: correct (N = 10) and incorrect (N = 9). High anxiety: correct (N = 7), incorrect (N = 13). (B) Percentage of correct and incorrect recognitions for high and low anxiety scores on day 1. Low anxiety: correct (N = 9), incorrect (N = 7). High anxiety: correct (N = 8), incorrect (N = 15). (C) Percentage of correct and incorrect recognitions for high and low depression scores. Low depressive: correct (N = 9), incorrect (N = 18). High depressive: correct (N = 8), incorrect (4). (D) Percentage of correct and incorrect recognitions for high and low sleep quality scores. High sleep quality: correct (N = 10), incorrect (N = 8). Low sleep quality: correct (N = 7), incorrect (N = 14). *p < 0.05; NS, p > 0.05. The dashed lines stand for the chance level (17% of correct responses). The perpetrator was included in the Final Lineup of both groups.


The same analysis was applied to the Without perpetrator group. We observed no significant differences for the target selection between high and low anxiety score on day 8 [χ2(1) = 0.001, p = 0.98, V = 0,01], high and low anxiety score on day 1 [Figure 4B, χ2(1) = 0.79, p = 0.38, V = 0.16], high and low depression score [Figure 4C, χ2(2) = 0.11, p = 0.74, φc = 0.06], high and low sleep quality score [Figure 4D, χ2(2) = 1.87, p = 0.17, φc = 0.24]. None of the high/low subgroups of the three symptom scales achieved target selections above the chance level in the Final lineup [0 < (χ2(2) < 0.85, all ps > 0.36].



Symptomatology Scales and Episodic Memory Recall

We found that those participants with high sleep quality, perform better in the chronological order task than those with low sleep quality (Figure 5A, Mdn = 3, Mdn = 3, respectively. Mann-Whitney U-test, U = 501.50, p = 0.03, RB = 0.23).
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FIGURE 5. Symptomatology scores and recall. (A) Mean of chronological order task score ± SEM, for high and low sleep score. (B) Mean number of incorrect details ± SEM on the Initial free recall, for high and low sleep quality. (C) Mean of memory change between initial recall and final recall, for high and low depressive score ± SEM. *p < 0.05, # number of.


In addition, we observed that those participants with high sleep quality, provide a greater number of incorrect details during the Initial recall than those with low sleep quality (Figure 5B, Mdn = 0, Mdn = 0, respectively. One-tailed Mann-Whitney U-test, U = 513.50, p = 0.03, RB = 0.21). We further found that those subjects who exhibited a high degree of depressive symptoms, reported a smaller drop in the number of details, between the Initial recall and the Final recall with respect to those who showed a low depressive level (Figure 5C, M = −0.68, SD = 9.77, M = 5.23, SD = 11.47, respectively. Two-tailed t-test (70) = 2.25, p = 0.02, d = 0.26). No other significant differences were found for the recall variables grouped by the levels of the symptom scales (−1.31 < t (70) < 1.29, all ps > 0.08).



DISCUSSION

This study was a first step toward understanding how lockdown by COVID-19 pandemic context may influence eyewitness identifications and episodic memory formation. We first found that participants in the With perpetrator group who exhibited high anxiety on the first day, selected the target in the Final lineup above the chance level. On the contrary, those who showed a low degree of anxiety on day 8, selected the target in the Final lineup above the chance level. These results go in line with the model proposed by Schwabe et al. (2012), pointing out that stress has a differential effect on each memory phase, it facilitates memory acquisition and consolidation but impairs memory recall. However, these results were not observed for the Without perpetrator group which showed no significant difference to the chance level in the selection of the target in the final lineup independent of the level of anxiety. Thus, the level of anxiety seems to moderate encoding and recall only when the target is present in the initial lineup.

Regarding the recall variables, we observed no significant differences between the anxiety level for neither the free recall nor for the Chronological order task. The differences shown by our data in the anxiety modulation between target selection in the lineup and the episodic memory could be due to the influence of uncontrolled variables such as cognitive overload and test expectancy which could be impacting in a different way the different types of recall (Hall et al., 1976; Flindall et al., 2016).

We further observed that those participants within the With perpetrator group who showed a high degree of depression selected the target above the chance level, but participants with low depression did not. A similar result was obtained for the recall variables, where those participants with a high degree of depressive symptoms had a lower decay in memory change between the Initial recall and the Final recall, than those with low depression. Taken together, these results could be explained as the product of a biased processing in favor of negative content (Watkins et al., 1996). Thus, the participants with high depression score would tend to remember the video of a perpetrator entering a conference better than those with low score, given their tendency to strengthen their own negative vision of the world.

Regarding the temporal order, it has been shown that patients with depressive disorder showed an impairment in the temporal order of their episodic memories (Habermas et al., 2008). However, we found no significant differences between high and low scores of depression for the Chronological order task. Although, this discrepancy could be due to differences in the methodology, since our participants exhibit different degrees of depressive symptoms but none of them reached a pathological level.

In addition, we found that those participants within the With perpetrator group who had high quality of sleep selected the target significantly above change in the Final lineup but this result was not found for the participants in the low condition. This is supported by several studies showing that sleep improves memory acquisition and consolidation (Rasch and Born, 2013). However, we did not find any differences for the Without perpetrator group. It is important to highlight that there are only a few studies analyzing the role of sleep on eyewitness lineup identifications (Stepan et al., 2017; Morgan et al., 2019) and they even showed contradictory results. On one hand, Stepan et al. (2017) found that participants that slept between the training and testing sessions rejected the lineup when the perpetrator was absent significantly more than if they stayed awake. They found no significant difference for the condition where the perpetrator was present in the lineup independently of the sleep/wake condition. On the other hand, in a similar procedure, Morgan et al. (2019) did not observe differences between groups of participants that either slept after the training or remained awake. Thus, the differences between our and their studies could be mainly explained by the methodology used. In those studies, a short and controlled period of sleep deprivation is used, while our work is based on prolonged periods of low sleep quality, which arises spontaneously as a consequence of environmental conditions of the COVID-19 pandemic.

Regarding the recall variables, we observed that participants with high sleep quality recalled more incorrect details on day 1 than participants with low quality. We would expect that a low quality of sleep will be related to a decrease in source monitoring inducing more false memories (Fenn et al., 2009). However, it is important to consider that the more information is remembered the greater the probability to form false memories (Otgaar et al., 2019). Although we did not observe a significant increase in correct details on day 1 for the high-quality sleep condition, the mean was higher. Thus, we suggest that this could be affecting false memory formation on day 1.

In addition, we found that those subjects with high sleep quality obtained better results in the Chronological order task. This highlights the widely accepted fact that adequate sleep is conducive to learning (Rasch and Born, 2013). Both, synaptic homeostasis, and active memory consolidation, may explain the better performance of those individuals who sleep adequately (it is likely that both factors act in combination). In this way, an adequate sleep regimen favors not only the acquisition of new information, but also its correct storage and its persistence in time. Furthermore, it has been observed that sleeping after learning emotional stories favors the consolidation of temporal order (Groch et al., 2011).

The results suggest that simply being exposed to an innocent suspect in an intervening lineup, whether that innocent suspect is identified by the witness or not, increases the probability of misidentifying the innocent suspect and decreases the probability of correctly identifying the true perpetrator in a subsequent test lineup.

It has been largely demonstrated that multiple lineups would increase the chance to identify an innocent as a suspect and decrease the probability of correctly identifying the true perpetrator (Hinz and Pezdek, 2001). Here we replicated those findings showing that in the Final lineup, the Without perpetrator group had significantly fewer target selections than the With perpetrator group. This is not surprising, considering that both groups tended to the same extent to repeat their choices in both lineups, but the Without perpetrator almost invariably performed foil selections in the Initial lineup. These results can be explained as a product of the “compromise effect,” since most of the subjects in the Without perpetrator group failed during the Initial lineup (choosing a foil, rather than rejecting the lineup), and 61% of them chose the same foil in the Final lineup (even in front of the real perpetrator), maybe for a compromise with their previous choice. Another possible explanation is the “transference effect.” In our double lineup, a case similar to those observed in Mugshot studies could occur, where the participants remember more vividly the face selected in the Initial lineup (whether it is the perpetrator or not), and then they will tend to repeat their choice during the Final lineup, based on a memory of doubtful origin (not clear if they remember the face of the original event, or the Initial lineup). It is also possible that, in the case of the Without perpetrator group, some features of the foils present during the Initial lineup, which were like those of the perpetrator, generated a prediction error, allowing memory labilization, and causing an updating during reconsolidation, incorporating erroneous information from the faces present in the lineup into the original memory.

When considering the low overall performance of both groups, the possibility of explaining the results because of low encoding level, derived from contextual conditions, should also be considered. It has been extensively documented how an individual’s state at the time of learning can affect their ability to acquire new information, both positively and negatively (Tyng et al., 2017). In this regard, the current context of lockdown due to the COVID-19 pandemic can be considered mentally and physiologically demanding. If, because of this disturbance, the participants of this study arrive at the Initial lineup with weakly encoded information, a larger number of new details would be incorporated, as if it were a second round of learning (in case the original encoding was minimal, we would really be facing a new learning). However, the Without perpetrator group would only have foils available to encode, and this would explain the difference in the performances observed in the Final lineup.

Concerning the confidence-accuracy relationship, the curve did not seem to follow a clear trend (Sauerland and Sporer, 2007). Although previous studies have observed that lack of sleep can negatively affect the strength of the relationship between confidence and accuracy (Blagrove and Akehurst, 2000) our results are not sufficient evidence to conclude that the relationship between precision and confidence may be affected by the set of negative changes in people’s mental health, like changes in the quality of sleep, increased anxiety, and depression.

Among the limitations of our study, it stands out that the size of the sample could have prevented a more detailed and reliable analysis that would take advantage of more subdivisions of the variables. The approach in real context, offered us a more ecological model, but a less controlled environment. As a result, the intervention of variables not contemplated should not be completely ruled out when considering the results. Additionally, unlike our experimental situation, in a real-life episode, where an individual experiences a violent crime, the sleep disturbances are not likely to appear until after the event, so they would not have an impact on the encoding. Finally, not having pre-lockdown measures in our specific population forces us to speculate based on the trend observed in other populations, and although there are strong reasons to think that anxiety, depression, and the quality of sleep were modified during this period, it is not possible to prove it undoubtedly.

The phenomenon of false memories is complex and multi-determined. It is possible that this work has been able to reflect a portion of that complexity, by showing how different contextual and individual variables interact dynamically to end up in a complex result. From this point, it is essential to move toward a more careful handling of each of the multiple factors mentioned. In particular, regarding identification performance, the variation of the exposure times to the initial stimulus, as well as the manipulation of the degree of similarity between the faces that makes up the lineup, would be a promising horizon toward which to advance in future experiments.
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The misinformation effect occurs when an eyewitness includes information in his or her account that is incongruent with the event he or she witnessed, and stems from being exposed to incorrect external sources. This is a serious threat to the quality of witness testimony and to the correctness of decisions reached by courts. However, few methods have been developed to reduce the vulnerability of witnesses to misinformation. This article presents such a method, namely, reinforced self-affirmation (RSA), which, by increasing memory confidence of witnesses, makes them less inclined to rely on external sources of information and more on their own memory. The effectiveness of this method was confirmed in three experiments. It was also found that memory confidence, but not general self-confidence, is a mediator of the impact of RSA on misinformation effect (ME), and that contingent self-esteem and feedback acceptance, but not sense of self-efficacy or general self-esteem, are moderators of this impact. It is concluded that RSA may be a promising basis for constructing methods, which can be used by forensic psychologists in real forensic settings.
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INTRODUCTION

Misinformation of various kinds is very commonplace in our lives, and it is difficult to undo its influence (Walter and Murphy, 2018). Misinformation is also influential in the context of eyewitness testimony (Luna and Martín-Luengo, 2012). Given the dramatic effects, which distorted testimony can have on judicial decisions, including wrongful convictions and acquittals of real perpetrators, it is mandatory to construct methods that can make eyewitnesses more resistant to misinformation.

The present paper explores one such method: reinforced self-affirmation (RSA). This is a way of reducing the memory misinformation effect (ME), which consists in including testimony information, which does not stem from a given event but from other sources. ME is typically studied within a three-stage experimental paradigm (seminal research: Pezdek, 1977; Loftus et al., 1978) in which participants are first exposed to some original material. It can be a video clip (e.g., Cohen and Harnick, 1980), a series of slides (e.g., Loftus et al., 1978), an audio recording (e.g., Szpitalak and Polczyk, 2010), or a text to be read (e.g., Hertel et al., 1980). After some time, participants are exposed to post-event material; for example, they read a description of the origina material, which, in the experimental group, contains some information, which is inconsistent with the original event (e.g., Zaragoza and Lane, 1994), or they answer a series of questions, which, in the experimental group, contain some incorrect premises (e.g., Loftus et al., 1978). In some research, live confederates presented misinformation while interacting with the real participants (e.g., Hope et al., 2008; Mojtahedi et al., 2019a,b). Subsequently, the participants answer a series of questions about the original event, including critical questions relating to the misinformation. In almost all experiments of this kind, it has been found that participants in the experimental group perform worse on the final memory test as they usually include some of the misinformation in their answers (for a review, see Zaragoza et al., 2007).

Many theoretical explanations of the nature of ME for the misinformation effect have been proposed, starting with the classical theories stating that misinformation overwrites the original memory trace (Loftus, 1975) or, in a way, “integrates” into the original memory (Loftus et al., 1978). Another explanation, rooted in the activation-based memory model, stated that, as a result of the misinformation, there are two memory traces attached to the critical event, one for the original and one for the misleading information, and activation is shared by the traces, so either could be given as a response (Ayers and Reder, 1998). Another explanation was based on the retrieval-based explanation of forgetting and stated that original information and the misinformation coexist in memory, the latter making the former more difficult to retrieve (Bekerian and Bowers, 1983; Bowers and Bekerian, 1984). Yet another explanation was based on the fuzzy-trace theory and posited that false memories occur primarily because gist memories are falsely ascribed to experience (Reyna and Lloyd, 1997).

Nowadays, it seems that the most popular theoretical explanation of the misinformation effect is the source monitoring theory, which posits that the participants confuse information stemming from the postevent material with their real memories of the original event; in other words, they misattribute the source of their information (e.g., Lindsay and Johnson, 1989; Zaragoza and Koshmider, 1989; Zaragoza and Lane, 1994; Cann and Katz, 2005; Higham et al., 2011). One of the most sophisticated versions of the source-monitoring accounts, including the model Composite Holographic Associative Recall Model (CHARM), was presented by Dodhia and Metcalfe (1999). It explains source monitoring errors in terms of the implications of retrieving a superimposed representation that contains both the original events superimposed on the misleading suggestion (the van).

All the above-mentioned explanations of the misinformation effect share the core assumption that there is some kind of memory malfunction caused by misinformation. However, there is strong empirical evidence confirming that this is not necessarily the case, and people can give memory accounts consistent with misinformation even if there is nothing wrong with their memory. First of all, McCloskey and Zaragoza (1985) presented a strong theoretical and empirical case, showing that, for the misinformation effect to occur, it is enough that two fractions of participants are present: (1) those who, at the moment of the final memory test, do not remember the original information (for example, because it was never encoded) and/or (2) those who remember both the original and misleading information, and answer in accordance with the latter. McCloskey and Zaragoza (1985) presented their participants with two options in the final memory test: the one is consistent with the original information; the second one is inconsistent neither with the original nor with the postevent information (instead of an option consistent with misinformation). No differences were present between the misled and control conditions, which undermine any explanations of the misinformation effect that are based on the memory impairment hypothesis.

Moreover, there are experimental data directly confirming that ME can occur even if participants do remember the correct information from the original event but still give accounts consistent with the misinformation, probably due to lack of confidence in their own memories (Blank, 1998; Szpitalak and Polczyk, 2010; Polczyk, 2017). For example, in research by Polczyk (2017), the participants were administered the standard procedure for testing for the misinformation effect; afterward, they were debriefed and given full explanations about the procedure, and again asked what they saw in the original film and read in the postevent material. Many of those who gave answers consistent with misinformation were perfectly able to correctly indicate what was in both sources; thus, they yielded to misinformation in spite of being aware of the discrepancies between the original and postevent materials. In a broader sense, this is a manifestation of informational influence (Mojtahedi et al., 2019a,b).

Some participants yield to misinformation even if they are allowed to access the original and post-event sources while answering the questions from the final memory test; thus, they simply cannot misremember the content of the sources nor can they misattribute them (Polak et al., 2016).

As the basis for the present research, the theory by Blank (1998) was adopted, called an integrative framework for the analysis of memory and performance (I MP) in eyewitness suggestibility experiments. In short, I MP basically assumes that subjects taking part in experiments concerning the misinformation effect are facing a problem-solving process. When answering the questions on the final memory test, they have to find a solution to a memory task. The solution is based on memory states – available information in memory and on the internal representation of the memory task. In particular, this theory posits that there are participants who have information about the content and the source of the original event, as well as about the postevent material. Such participants are fully aware of the discrepancies between both sources. Provided that they assume consistency – they do not assume that they are deliberately misled – they may adopt different strategies to resolve the perceived discrepancies. In particular, some of them may answer in accordance with the postevent material, for example, because they do not trust their own memories.

There is surprisingly little research on the development of methods that aim to undo the suggestive influence of misinformation or to immunize against it, despite the fact that such research may be extremely useful in real forensic settings. One of the most often explored methods is simply warning the participants against possible discrepancies between the original and post-event materials (Greene et al., 1982). The efficacy of this method varied considerably; in some research, it was not effective at all (e.g., Greene et al., 1982; Neuschatz et al., 2001); in some others, it seemed to reduce the misinformation effect almost completely (e.g., Highhouse and Bottrill, 1995; Oeberst and Blank, 2012; see also the meta-analysis: Blank and Launay, 2014).

Apart from warning, not many other methods have been researched. In some research, a memory-enhancing technique, the cognitive interview reduced the vulnerability to misinformation among children (Holliday and Albon, 2004) and among elderly people (Holliday et al., 2012). A technique similar to the Cognitive Interview, Self-Administered Interview, also seemed to reduce the misinformation effect (Gabbert et al., 2012). However, such results were not present in research by Centofanti and Reece (2006).

As for other methods, English and Nielson (2010) found that triggering arousal reduced yielding to misinformation. Clifasefi et al. (2007) as well as Parker et al. (2008) showed that a placebo presented to participants as a substance that seemingly enhanced cognitive processes improved their ability to resist misinformation. However, this result was not replicated in research by Nastaj et al. (2019). Wagstaff et al. (2011) found that focused meditation reduced interrogative suggestibility (Gudjonsson, 1997), although no clear results were obtained in the case of the standard three-stage procedure. Another experiment suggested that horizontal saccadic eye movements (but not vertical ones) reduced susceptibility to misinformation in the three-stage paradigm (Parker et al., 2009), and Szpitalak and Polczyk (2014) showed that mental warm-up reduces this susceptibility, while mental fatigue increases it.

As can be seen, there were not many techniques developed for reducing the misinformation effect, and the existing ones were not explored extensively (apart from warning). Moreover, many of them (apart from warning and cognitive interview) are not applicable in real forensic settings; one cannot arouse real witnesses by presenting them with disturbing videos, giving them medicaments, or asking them to make eye movements or meditate. Therefore, an exploration of methods reducing the misinformation effect or undoing the effects of misinformation is still warranted. The present research aims at this direction by exploring one such method: RSA (Szpitalak, 2012).

The basic premise of RSA was the assumption that there is a proportion of participants, which, in fact, do remember the correct original information while performing the final memory test. We further assume that a proportion of such participants gives answers that are consistent with the external misinformation but are inconsistent with their own correct memory due to their lack of confidence in it (Blank, 1998; Van Bergen et al., 2010). It was, therefore, assumed (Szpitalak, 2012) that increased confidence in one’s own memories should decrease the tendency to rely on the post-event material in the case of participants who, in fact, are aware of the discrepancies between the original and post-event material but believe their memories regarding the former are wrong and, therefore, prefer to rely on the latter.

The idea that self-confidence may be beneficial in the context of eyewitness memory was based on existing data, which suggest that it is advantageous in various areas. For example, it seems to improve leader performance (Hollenbeck and Hall, 2004), results on reasoning tests (Beckmann et al., 2009), or even intelligence tests (Stankov and Crawford, 1997), other cognitive competences (Kleitman and Stankov, 2007), school achievement (Srivastava, 2013), or oral presentation competences (Al-Hebaish, 2012). Most interestingly, self-confidence proved to be a predictor of reliance on oneself as a source of information (Barber, 2008), and of resisting social pressure (MacBride and Tuddenham, 1965). Also, there is research suggesting a direct link between self-confidence and resistance to suggestion in the context of witness testimony (Vrij and Bush, 2000) and memory conformity (Thorley and Kumar, 2017).

Reinforced self-affirmation is based on two elements: self-affirmation and positive feedback on memory functioning. Self-affirmation is induced by means of having participants write down their greatest achievements in life (see the detailed description in the method below). Such a method has proved effective in inducing self-affirmation in existing research (Schimel et al., 2004). In turn, a positive impact of self-affirmation on self-confidence was also found in research experiments (Petruzzello and Corbin, 1988; Compte and Postlewaite, 2004; Sherman and Cohen, 2006; Takai, 2011). As for positive feedback, there is research suggesting that it increases self-confidence (McCarthy, 1986; Fishbach et al., 2010) and reduces interrogative suggestibility (Tata and Gudjonsson, 1990). In sum, both self-affirmation and positive feedback are promising methods of increasing self-confidence, which, in turn, is expected to reduce the tendency to rely on external sources and, instead, to give reports based on one’s own memories.

The efficacy of RSA in reducing ME has been repeatedly confirmed and replicated (Szpitalak, 2012; Szpitalak and Polczyk, 2013, 2015b,2019a,b). The aim of the present paper is to further replicate its efficacy and provide data concerning the possible mechanisms of its impact. Therefore, the first hypothesis is that RSA will reduce ME. Additionally, some mediators and moderators of this main effect will be studied.

First of all, the main hypothesis concerning RSA is the assumption that it increases self-confidence, which, in turn, results in an enhanced tendency to rely on one own’s memories instead of information included in post-event material. If this is so, then a mediation should be present: RSA should affect ME via increased self-confidence. Moreover, as the task included in the ME procedure concerns memory, and feedback in RSA also concerns memory, it can be expected that, especially, self-confidence related to memory is involved. Therefore, it was hypothesized that this mediation will be present in the case of memory-related self-confidence but not in the case of general self-confidence.

Some moderators of the impact of RSA on ME were also analyzed. The first one was self-esteem. Individuals with high self-esteem might already have access to a wide range of positive self-feelings (Steele et al., 1993; Dodgson and Wood, 1998; Sherman and Cohen, 2006; Pietersma and Dijkstra, 2012). As such, RSA might confer little advantage to these individuals in terms of encouraging them to rely on their own memory. By contrast, individuals with low self-esteem might have a more limited array of positive self-feelings that are readily available to them when faced with threatening information. Accordingly, an explicit self-affirmation manipulation might provide an important means of boosting self-esteem for these individuals (see also Spencer et al., 2001; Düring and Jessop, 2015). Thus, self-esteem may be a moderator of the impact of RSA on ME.

The term “contingent self-esteem” (Deci and Ryan, 1995) seems to be very useful, too. Contingent self-esteem “…refers to feelings about oneself that result from – indeed, are dependent on matching some standard of excellence or living up to some interpersonal or intrapsychic expectations” (Deci and Ryan, 1995, p. 32). Contingent self-esteem is dependent on matching standards and is directly linked and dependent on perceived successes and failures (Kernis et al., 1993; Park et al., 2004). Therefore, people with contingent self-esteem should be particularly prone to procedures that aim to increase self-confidence, like RSA.

In light of these considerations, it seems that both the level of self-esteem and its stability should moderate the impact of RSA on ME. Persons with stable, reinforcement-independent self-esteem may be less susceptible to RSA than those with contingent self-esteem, which is dependent on external feedback. It was, therefore, hypothesized that RSA would mainly be effective among participants with contingent self-esteem. Also, it was postulated that RSA would be more effective in the case of low general self-esteem because people with high self-esteem may benefit from RSA less – they are probably already self-confident, and efforts to additionally increase this self-confidence may be less effective.

In a very similar vein, a second moderator was postulated, namely, sense of self-efficacy. Self-efficacy (Schwarzer, 1993) refers to self-perceived general efficacy in coping with various tasks and achieving goals. It was assumed that people who perceive their self-efficacy as high would benefit from increased self-confidence less than those whose sense of self-efficacy is low. It should be so because people who feel that they are effective across a range of tasks and goals may be more relying on themselves and perhaps having higher and more stable self-esteem. In the case of such people, increasing self-confidence may not be particularly effective as this self-confidence is probably already relatively high. In contrast, people perceiving their self-efficacy as low may tend to have lower self-confidence and, in turn, benefit from RSA more. In sum, this would cause self-efficacy to be a moderator of the impact of RSA on ME.

The third moderator analyzed in the present study is acceptance of positive feedback. Ilgen et al. (1979) defined feedback acceptance as “the recipient’s belief that the feedback is an accurate portrayal of his or her performance” (p. 356). There are examples of experiments on positive feedback, which show that its acceptance is, by no means, universal and guaranteed and that such acceptance may influence the results obtained. For example, it was found that the efficacy of feedback when avoiding “harmful” food proved dependent on its acceptance (Scoboria et al., 2008; Bernstein et al., 2011; Mantonakis et al., 2013). Similarly, Anseel et al. (2009) showed that feedback acceptance influences attitude change. In the present research, it was hypothesized that feedback acceptance would moderate the impact of RSA on ME; this impact will be higher for the participants who believed the feedback.

Three experiments were performed. In each one, the existence of the misinformation effect and the efficacy of RSA were analyzed. In addition, in Experiment 1, memory confidence and general confidence were analyzed as mediators of the impact of RSA on yielding to misinformation. In Experiment 2, both these mediators were analyzed again, and contingent and general self-esteem, as well as the sense of self-efficacy, was studied as a possible moderator. In Experiment 3, memory confidence was analyzed as the mediator, and the efficacy of feedback in RSA, as a possible moderator.



POWER AND SAMPLE SIZE CONSIDERATIONS

Power and sample size analysis was performed by means of the software G*POWER 3.1.9 (Faul et al., 2007). The required sample size was calculated for the power 95% for three effect sizes commonly assumed in such analysis, namely, Cohen f = 0.10 (small effect), 0.25 (medium), and 0.40 (large). Denominator df = 1 and four groups were assumed (the design in all three experiments was 2 × 2, see description below). For the main effects, as well as the interaction, the necessary sample sizes were 1,302, 210, and 84, respectively. Given the resources available, a sample size of about 210 was assumed, sufficient to detect medium and large effects, but the small one. In Experiments 2 and 3, the sample size in the experimental misled groups was increased, as these experiments focused on hypotheses, which could only be analyzed in the misled groups.



GENERAL STRATEGY OF ANALYZING THE DATA

In each of the three experiments, there were three general aims: (1) to replicate the misinformation effect; (2) to replicate the efficacy of RSA; and (3) to explore mediators and moderators of the impact of RSA on yielding to misinformation. The first aim was analyzed by means of the main effect of misinformation in the analysis of variance and the second one by analyzing the interaction between misinformation and RSA and appropriate simple main effects, following the existing guidelines (Rosenthal and Rosnow, 1985; Rosnow and Rosenthal, 1989). The analyses concerning the third aim were performed in the group of misled participants only. The number of answers consistent with misinformation was the dependent variable, reflecting the individual susceptibility to misinformation. RSA was the predictor, and mediators and moderators of its impact on yielding to misinformation were analyzed.



EXPERIMENT 1

The aims of Experiment 1 were to confirm the mediating effect of self-confidence in the impact of RSA on yielding to misinformation and to replicate the misinformation effect itself. Also, it was expected that self-confidence related to memory would be a statistically significant mediator of the impact of RSA on yielding to misinformation, whereas general self-confidence would not. The latter hypothesis will be tested with the Bayesian approach as it is difficult to prove the non-existence of effects with classical NHST methodology.

The following hypotheses were tested in Experiment 1:


1.The misinformation effect will be present: the number of answers consistent with misinformation will be higher for misinformed participants than for those in the control condition.

2.RSA will be effective: the number of answers consistent with misinformation will be lower for misinformed participants who undergo the RSA procedure than for those who do not.

3.Memory confidence will be a mediator of the impact of RSA on the misinformation effect.

4.General self-confidence will not be a mediator of the impact of RSA on the misinformation effect.




Method – Experiment 1


Participants

Two hundred and thirteen subjects took part in the experiment (125 women, 88 men). Their mean age was 17.4 years (SD = 0.8; range: 15–19). The experiment took place during school classes. Various schools were chosen randomly; none of them included participants of previous studies on the misinformation effect (and different schools were chosen for the three experiments). No compensation was given for participation. The consent of the parents was not collected – it was not required in the schools. Two participants failed to complete the memory confidence questionnaire, and one participant failed to complete the general confidence questionnaire.



Materials

The study used a 2- and 1/2-min audio recording of some seemingly planned higher education reforms, prepared by the authors and recorded by a professional actor. These materials have been successfully used in other studies (Szpitalak, 2012). The post-event material was a written description summarizing the audio recording; in the misinformed group, it contained 10 details that were different from or additional to the original material. The final memory test consisted of 19 forced-choice questions; 10 of which were critical: the participants had to choose between the correct option or the option consistent with the misinformation in the form of a Yes/No test. Additionally, a short questionnaire, created by the authors of this study, was applied to measure memory confidence and general self-confidence. It consisted of five questions relating to the current quality of memory, and another five relating to self-confidence, e.g., “At the moment, I am assessing my memory”; “I am assessing my self-confidence at the moment:” (This questionnaire and all other materials are provided in Supplementary Material). Answers were given on a 7-point Likert-like scale, from 1: very low to 7: very high.



Procedure

The experiment was conducted during school classes. The participants were told that its purpose was to check opinions of students about the planned reforms in higher education. At the beginning, the participants listened to an audio recording (original material). In the recording, a single person advertises the new reform (see Supplementary Material). The instruction asked the participants to listen carefully, without giving additional information. After that, they were asked to answer a few questions about what they thought of the reform proposals that had been presented to them; this was done to support the cover story and was adopted from similar research by Apsler and Sears (1968). The questions did not relate to critical items. Then, after about 12 min, during which filler questionnaires were applied, the participants, under the pretext of refreshing the content of their memories, read the post-event material. Immediately after this, the RSA procedure took place. The first part aimed at inducing self-affirmation. The participants in the RSA group were asked to write down their greatest life achievements, while the other half (the control group) were asked to describe their ways home from school. Afterward, faked positive feedback on their memory quality was provided: all the participants were given a surprise memory task consisting in memorizing as many nouns as possible from a list of 60 nouns in a time period of 2 min. After these 2 min, the lists were removed, and the participants were asked to write down all the nouns they could remember. In the RSA group, the participants wrote the nouns in numbered slots so that they knew exactly how many nouns they were able to remember. In the control group, the slots were not numbered. Next, in the RSA group, the participants were told the “average mean number of nouns usually remembered.” This number was false; it was approximately 1.5 SD lower than the real average. In this way, most participants in this group “learned” that their memory was better than average. In the control group, no feedback was provided. In the next stage, the participants completed a questionnaire to check their general and specific self-confidence regarding the functioning of their memory in order to verify the efficacy of RSA. Next, the final memory test concerning the original material was administered in order to analyze the misinformation effect. At the end, the participants were debriefed.

Thus, the experimental design included two between-subjects factors: misinformation (no misinformation or misinformation present) × RSA (present or absent).



Results and Discussion – Experiment 1

In order to verify the efficacy of RSA, the differences between the groups in which it was applied as compared to the control groups were analyzed, with memory confidence and general self-confidence as dependent variables. Memory confidence was significantly higher in the RSA group as compared with the control group [M = 4.83, SD = 1.44 vs. M = 4.12, SD = 1.22; F(1,209) = 14.49, p < 0.001, η2 = 0.07]. In the case of general self-confidence, no significant effect of RSA was present [M = 4.53, SD = 1.11 vs. M = 4.47, SD = 0.83; F(1,210) = 0.20, p = 0.653, η2 < 0.01]. This confirms the efficacy of RSA in the case of memory-related self-confidence.

Descriptive results across experimental conditions are presented in Table 1 and Figure 1.


TABLE 1. Means (SDs, number of participants) of yielding to misinformation across experimental conditions in Experiment 1.
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FIGURE 1. Means of yielding to misinformation across experimental conditions in Experiment 1.


A 2 × 2 analysis of variance revealed a significant main effect of misinformation, with misinformed participants giving more answers consistent with the misinformation [F(1,209) = 18.23, p < 0.001, η2 = 0.08]. This confirms Hypothesis 1, which concerns the presence of the misinformation effect. The main effect of RSA was also significant, with the participants in the RSA group giving less answers consistent with the misinformation [F(1,209) = 16.48, p < 0.001, η2 = 0.07]. The interaction of the misinformation factor with RSA was also significant [F(1,209) = 7.76, p = 0.006, η2 = 0.04], and the inspection of relevant means in Table 1 suggests that that the fall in the mean number of answers consistent with the misinformation was greater in the misinformed group than in the control group. Indeed, analysis of simple effects confirmed that there was no significant difference between the RSA and no-RSA groups in the condition without misinformation [F(1,209) = 0.78, p = 0.378, η2 < 0.01]. This makes sense as RSA is directed and expected to be effective only in the group of misinformed participants. In this group, its impact was significant [F(1,209) = 24.38, p < 0.001, η2 = 0.10]. This confirms Hypothesis 2; according to which, a significant fall in the number of answers consistent with the misinformation was expected in the RSA group compared with the group without RSA.

In order to verify Hypothesis 3, a mediation analysis was performed. Bootstrap-generated confidence intervals were calculated to verify the existence of the mediation, as recommended by Hayes (2018). An effect is considered significant when its confidence intervals do not include zero. The PROCESS program (Hayes, 2018) was used to perform this analysis, which was performed in the group of misinformed participants.

The results indicated that a significant impact of RSA on memory confidence was found in the preliminary analysis concerning the manipulation check [B = 0.89, SE = 0.29, 95% CI (0.32, 1.46)]. The effect of memory confidence on yielding to misinformation was negative and significant [B = −0.98, SE = 0.12, 95% CI (−1.22, −0.75)]. The indirect effect of RSA on ME via memory confidence was also significant: [B = −0.87, SE = 0.29, 95% CI (−1.82, −0.34)]. This confirms Hypothesis 3, which states that memory confidence mediates the impact of RSA on ME. Interestingly, the direct effect of RSA on ME was also significant [B = −1.08, SE = 0.37, 95% CI (−1.82, −0.34)]. This suggests that RSA affects ME not only via increased memory-related self-confidence but also through some different mechanisms.

In the case of general self-confidence, its mediating effect was not statistically significant [B = −0.10, SE = 0.11, 95% CI (−0.35, 0.08)]. As bootstrapping is not the best method of proving the null hypothesis, quasi-Bayesian confidence intervals were also calculated by means of the brms package (Bürkner, 2017), running under the R Environment (R Core Team, 2020). The average causal mediation effect (ACME) was −0.10 with 95% confidence intervals: (−0.37, 0.07). This indicates a lack of a mediation effect in accordance with Hypothesis 4.

In sum, in Experiment 1, all hypotheses were confirmed: the misinformation effect and the efficacy of RSA in reducing it were replicated. Memory confidence proved to mediate the impact of RSA on ME, in congruence with existing data (Szpitalak and Polczyk, 2019b), while general confidence did not. The mediating effect of memory confidence was partial; the direct effect of RSA on ME was significant. This encourages looking for other reasons why RSA may be effective in reducing the misinformation effect, apart from the postulated and confirmed mediating effect of memory confidence.





EXPERIMENT 2

The first three aims of Experiment 2 were similar to those of Experiment 1: replicating the misinformation effect, replicating the efficacy of RSA, and analyzing the mediating role of memory confidence and general confidence in the relationship between RSA and ME. Apart from this, analyses were performed in order to verify whether contingent self-esteem, general self-esteem, and self-efficacy moderate the impact of RSA on ME. The following hypotheses were tested:


1.The misinformation effect will be present: the number of answers consistent with the misinformation will be higher for the misinformed participants than for those in the control condition.

2.RSA will be effective: the number of answers consistent with the misinformation will be lower for the misinformed participants who undergo the RSA procedure than for those who do not.

3.Memory confidence will be a mediator of the impact of RSA on the misinformation effect.

4.General self-confidence will not be a mediator of the impact of RSA on the misinformation effect.

5.Contingent self-esteem will be a moderator of the impact of RSA on ME.

6.General self-esteem will be a moderator of the impact of RSA on ME.

7.Self-efficacy will be a moderator of the impact of RSA on ME.




Method – Experiment 2


Participants

One hundred and seventy-two participants who are students at various schools were tested (125 women and 47 men). Their mean age was 17.3 years (SD = 0.79, range 16–19 years). No compensation was given for participation.



Materials and Procedure

The same materials and procedure for the analysis of the misinformation effect and RSA were used as in Experiment 1. In addition, the following tests were applied:

Self-Liking – Competence Scale – Revised (SLCS-R; Tafarodi and Swann, 2001; Polish adaptation: Szpitalak and Polczyk, 2015a). This is a 16-item questionnaire measuring two dimensions of self-esteem: self-competence (e.g., “I am a capable person”) and self-liking [e.g., “I do not have enough respect for myself” (R)]. Answers are given on a 5-point Likert scale. Higher results mean higher self-esteem and self-confidence, respectively. In the present research, the internal consistencies of both scales as measured by Cronbach alpha were 0.91 and 0.77, respectively.

Contingent Self-Esteem Scale (CSES; Paradise and Kernis, 1999; Polish adaptation: Szpitalak et al., 2018). This is a unidimensional questionnaire consisting of 15 items, e.g., “My overall feelings about myself are heavily influenced by how much other people like and accept me.” The questions are answered on a 5-point Likert scale, from “Not at all like me” to “Very much like me.” Higher results mean that self-esteem is more dependent on external cues. Internal consistency of this scale was 0.87.

Generalized Self-Efficacy Scale (GSES; Schwarzer, 1993; Polish adaptation: Juczyński, 2009). This is a tool designed to measure a general sense of perceived self-efficacy: the belief that one can perform novel or difficult tasks and cope with adversity (e.g., “I can always manage to solve difficult problems if I try hard enough”). It includes 10 items scored on a 4-point scale. Higher results mean that the person perceives them as more capable to cope effectively with tasks and problems. In this experiment, its internal consistency was 0.84.

The procedure was the same as in Experiment 1, but, instead of filler questionnaires, the above-described tools were applied. As previously, the main experimental design included two between-subjects factors: misinformation (no misinformation or misinformation present) × RSA (present or absent).



Results and Discussion – Experiment 2

Similarly, as in Experiment 1, the groups in which RSA was applied and the control group without it were compared as regards the results of a short questionnaire, measuring memory confidence. The mean memory confidence was significantly higher in the RSA group than in the group without RSA [M = 5.14, SD = 1.54 vs. M = 4.18, SD = 0.98; F(1,170) = 24.46, p < 0.001, η2 = 0.13]. This confirms the efficacy of RSA in increasing self-confidence relating to memory quality. No significant effect of RSA was present in the case of general self-confidence [M = 6.23, SD = 1.45 vs. M = 5.97, SD = 1.34; F(1,170) = 1.43, p = 0.234, η2 = 0.01]. This confirms the efficacy of the manipulation.

Descriptive results across the experimental condition in Experiment 2 are presented in Table 2 and Figure 2.


TABLE 2. Means (SDs, number of participants) of yielding to misinformation across experimental conditions in Experiment 2.
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FIGURE 2. Means of yielding to misinformation across experimental conditions in Experiment 2.


A 2 × 2 ANOVA revealed a significant main effect of misinformation: the number of answers consistent with the misinformation was higher in the misled group than in the control group [F(1,168) = 49.73, p < 0.001, η2 = 0.23]. The main effect of RSA was not significant [F(1,168) = 3.10, p = 0.080, η2 = 0.02], but its interaction with the misinformation was significant [F(1,168) = 14.02, p < 0.001, η2 = 0.08]. Analysis of the simple effects revealed that the difference between the RSA and non-RSA groups was significant in the case of misled participants [F(1,168) = 20.01, p < 0.001, η2 = 0.11]. In the case of non-misled participants, the effect of RSA was not significant [F(1,168) = 1.59, p = 0.210, η2 = 0.01]. In sum, these results confirm the existence of the misinformation effect and the efficacy of RSA in reducing it.

To verify Hypothesis 3, which concerns the mediating effect of memory confidence, the same mediation analysis was performed as in Experiment 1. The impact of RSA on memory confidence was significant [B = 0.65, SE = 0.28, 95% CI (0.10, 1.21)], as was the negative effect of memory confidence on yielding to misinformation [B = −1.10, SE = 0.11, 95% CI (−1.31, −0.89)]. The indirect effect was significant [B = −0.72, SE = 0.33, 95% CI (−1.39, −0.08)]. This confirms Hypothesis 3. As in Experiment 1, the direct effect of RSA on yielding to misinformation was also significant [B = −1.07, SE = 0.31, 95% CI (−1.68, −0.46)].

In the case of general self-confidence, the mediation was not statistically significant as the bootstrap 95% confidence intervals included zero: B = −0.01, SE = −0.15, 95% CI (−0.29, 0.33). The ACME was <0.01 with quasi-Bayesian 95% confidence intervals (−0.32, 0.33). This confirms Hypothesis 4, which states that general self-confidence is not a significant mediator of the impact of RSA on ME.

To verify Hypothesis 5, which states that RSA would be effective mainly in the case of the participants with contingent self-esteem, a moderation analysis was performed with RSA as the predictor, CSES results as the continuous moderator, and yielding to misinformation as the dependent variable. This analysis was done only in the group of the misinformed participants and was performed by means of the PROCESS software (Hayes, 2018).

The moderating effect of CSES proved significant (Bint = −0.20, SE = 0.04, 95% CI (−0.27, −0.12)]. To further explore the moderation, Johnson–Neyman cut points were calculated. It turned out that the impact of RSA on ME was significant and positive from the lowest result on CSES up to the value of CSES = 38.9: the participants who underwent RSA scored higher on the ME (that is, they were more suggestible) test than those who did not. In the range of CSES from 40 points to 51, the effect of RSA was not significant. It started to be significant again from the value of CSES = 50.4 and was negative. In sum, these results indicated that, in accordance with Hypothesis 4, RSA is, indeed, helpful in the case of people with high contingent self-esteem. In the case of medium contingent self-esteem, RSA proved not useful; interestingly, in the case of low contingent self-esteem, i.e., stable self-esteem, RSA even increased the ME.

To verify the sixth hypothesis, the potential moderating effects of general self-esteem, as measured by SLCS-R, were analyzed. The moderation was not significant in the case of self-liking [Bint = 0.04, SE = 0.06, 95% CI (−0.08, 0.15)] and self-competence [Bint = 0.02, SE = 0.08, 05% CI (−0.15, 0.18)].

The seventh hypothesis concerned the moderating effect of self-efficacy. The analysis was performed in the same way as in the case of Hypothesis 6. The moderating effect of self-efficacy was not significant [Bint < 0.01, SE = 0.10, 95% CI (−0.19, 0.19)]; thus, the hypothesis was not confirmed.

In sum, the misinformation effect was replicated, and the efficacy of RSA was confirmed. The mediating role of memory confidence was also confirmed; in accordance with the hypothesis, general self-confidence was not a significant mediator. The effect of RSA was moderated by contingent self-esteem, but not by self-efficacy or general self-esteem.





EXPERIMENT 3

Apart from replicating the ME and the efficacy of RSA, the main aim of Experiment 3 was to analyze the hypothesis that an important moderator of the impact of RSA on ME is feedback acceptance. As elaborated in section “Introduction,” feedback, which is not accepted, cannot be effective. Therefore, it was expected that the efficacy of RSA would be higher in the group of the participants who accepted the feedback. Apart from this, the mediating role of memory confidence was analyzed. The following hypotheses were tested:


1.The misinformation effect will be present: the number of answers consistent with misinformation will be higher for the misinformed participants than for those in the control condition.

2.The RSA will be effective: the number of answers consistent with misinformation will be lower for the participants undergoing the RSA procedure than for those who do not.

3.Memory confidence will be a mediator of the impact of RSA on the misinformation effect.

4.Feedback acceptance will be positively related to the effects of RSA on ME.



In Experiment 3, we decided to increase power to detect mediations and moderations as much as possible. As mediation and moderation analyses are only meaningful in the group of the misled participants, we decided to increase the sample size for the misled condition as much as possible and to use a smaller control group. The latter was only needed to establish the existence of the misinformation effect. Given the resources available, 452 participants were included in the misled group and 94 in the control one.


Method – Experiment 3


Participants

Five hundred and forty-six participants took part in Experiment 3 – 404 women and 142 men; their mean age was 16.8 years (SD = 1.2, range: 15–31 years). Most of the participants were students at various high schools. No compensation was given for participation. Two participants failed to complete the memory confidence questionnaire.



Materials and Procedure

The materials, procedure for RSA, and the main experimental design were the same as in the previous experiments. In order to ensure better generalizability of this research, the original material that was used to analyze the misinformation effect was new: it was a video clip presenting a burglary and a robbery, with a duration of about 4.5 min (it was adopted from the movie “Heist” by D. Mamet). The participants were asked to watch it, without any additional information. A description of the film was presented as post-event material “in order to refresh the memory”; it included six details that were incongruent with the content of the video clip. After the post-event material, the RSA was administered in the same way as in Experiments 1 and 2, followed by a question measuring feedback acceptance: “Does your score accurately reflect your memory capabilities?” The answers were given on a 7-point Likert-like scale, from “Definitely not” to “Definitely yes.” The final memory test consisted of 12 open-ended questions, six of them relating to misled items.



Results – Experiment 3

As in Experiments 1 and 2, it was found that RSA, indeed, increased memory confidence; its means in the groups in which RSA was and was not applied were M = 4.54 (SD = 1.33) and M = 4.20 (SD = 0.85), respectively [F(1,541) = 12.46, p < 0.001, η2 = 0.02]. As an additional analysis, the correlation between feedback acceptance and memory confidence was calculated and proved significant: r = 0.43, p < 0.001. This also confirms the existence of a relationship between the efficacy of experimental manipulations and memory confidence.

Descriptive results in all experimental conditions are presented in Table 3 and Figure 3.


TABLE 3. Means (SDs, number of participants) of yielding to misinformation across experimental conditions in Experiment 3.
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FIGURE 3. Means of yielding to misinformation across experimental conditions in Experiment 3.


The general effect of misinformation was significant and large [F(1,542) = 193.63, p < 0.001, η2 = 0.26]. The general effect of RSA and its interaction with the misinformation were not significant [F(1,542) = 0.75, p = 0.386, η2 < 0.01 and F(1,542) = 2.61, p = 0.107, η2 < 0.01, respectively]. However, as the hypothesis concerning RSA only applies to misinformed people, planned comparisons were more appropriate. As in Experiments 1 and 2, these comparisons revealed that the participants in the RSA subgroup of the misled group yielded to misinformation significantly less than those in the subgroup without RSA [F(1,542) = 9.78, p = 0.002, η2 = 0.02]. In the non-misinformed group, the difference between the participants who were and were not exposed to RSA was not significant [F(1,542) = 0.17, p = 0.684, η2 < 0.01]. However, the misinformation effect was present both in the group without RSA [F(1,542) = 164.30, p < 0.001, η2 = 0.23] and with RSA [F(1,542) = 59.76, p < 0.001, η2 = 0.10]; although, in the latter case, it was smaller.

In the group of the misinformed participants, the mediation effect of memory confidence was significant [B = −0.17, SE = 0.05, 95% CI (−0.27, −0.06)]. As in the previous experiments, RSA increased memory confidence [B = 0.35, SE = 0.11, 95% CI (0.13, 0.56)]. Memory confidence reduced yielding to misinformation [B = −0.48, SE = 0.06, 95% CI (0.59, −0.37)]. The direct effect of RSA on ME was not significant [B = −0.25, SE = 0.14, 95% CI (0.51, 0.02)].

Hypothesis 4 postulated that RSA is effective when feedback is accepted. Feedback acceptance could only be scored in the group with RSA; therefore, no moderation analysis that included RSA was possible, and Hypothesis 4 was analyzed in the group of the misinformed participants who underwent the RSA procedure by means of computing the correlation between the level of feedback acceptance and yielding to misinformation. Notably, there was considerable variance in the measure of feedback acceptance. The answers to the question “Does your score accurately reflect your memory capabilities” were given on a 7-point scale with the following frequencies: 1 (definitely not) –5.4%; 2–7.2%; 3–12.5%; 4–23.7%; 5–36.2%; 6–11.8%; 7 (definitely yes) –3.2%. The results of the correlational analysis confirmed the hypothesis: Pearson’s r was −0.54 (p < 0.001), which indicates that the higher the feedback acceptance, the lower the yielding to misinformation.

In sum, all four hypotheses tested in Experiment 3 were confirmed. However, a caveat is needed here: the lack of interaction between the factors: misinformation and RSA mean that the efficacy of RSA is not certain here, even if the analysis of simple effects confirms this efficacy.





GENERAL DISCUSSION

The main aim of the three experiments presented in this paper was to present further data on RSA, which is a method of reducing the tendency to rely on misinformation when giving memory reports. This tendency, known as the memory misinformation effect, was present in all three experiments. This confirms the robustness and replicability of this effect. This is a warning for justice systems, as the misinformation effect may be an important cause of incorrect testimonies and their consequences.

Not many methods of reducing the misinformation effect have been described. The method presented in this paper, namely, RSA, is intended for witnesses who, in fact, do remember the correct original information yet prefer to rely on external sources even if the information stemming from them contradicts the original information. It was assumed that the reason for such behavior is lack of confidence in one’s own memory. Therefore, RSA aims to increase memory confidence. It proved effective in all three experiments described in the present study. This is a replication of numerous existing studies on its efficacy (Szpitalak, 2012, 2015; Szpitalak and Polczyk, 2013, 2015b,2019a,b). RSA may be a promising way to develop techniques that are suitable for use in the context of real interrogations.

To be exact, in Experiments 1 and 2, the efficacy of RSA was proved both in the light of its significant interactions with misinformation and simple effects, while, in Experiment 3, the interaction was not significant, although appropriate planned comparisons were significant and consistent with the hypothesis. In Experiment 3, the main original material was different from Experiments 1 and 2. The change was applied in order to ensure better generalizability of the results but may also explain the slightly different results concerning RSA. Recall that the main hypothesis stated that RSA is effective mainly among persons who do realize the differences between the original and postevent materials. Perhaps, there were less such participants due to the change of materials.

In the present study, some possible mediators and moderators of the impact of RSA on ME were studied. First of all, it was assumed that memory confidence would mediate the effect of RSA; this was confirmed in all three experiments and is congruent with other existing data (Szpitalak and Polczyk, 2019b). This was the core hypothesis: RSA should increase confidence in one’s own memories and, therefore, increase the tendency to rely on them instead of other sources of information. Obviously, this reasoning assumes that some participants remember both the original and the misleading post-event information. As mentioned in section “Introduction,” there are now sufficient empirical data to assume so (Blank, 1998; Szpitalak and Polczyk, 2010; Polczyk, 2017). Interestingly, RSA has already been shown to be effective, particularly among persons who are aware of discrepancies between original and post-event information (Szpitalak and Polczyk, 2015b, Experiment 2).

Apart from acting via memory confidence, RSA showed a direct effect on ME. This result should be treated with caution as it only appeared in two out of the three analyses. Nevertheless, apart from mechanisms, which consist in increasing self-confidence, the result encourages considering other possible mechanisms of RSA. As described in section “Introduction,” high self-confidence is beneficial in a wide range of situations. For example, it is possible that it encourages more careful and scrupulous searching of memory. This should be analyzed in further research.

As for moderators, it was hypothesized (and successfully shown) that self-esteem matters as regards the efficacy of RSA. To be exact, our hypothesis concerned both contingent self-esteems, i.e., self-esteem that is highly dependent on external confirmation and general self-esteem. It was assumed that RSA would not be effective among people with stable self-esteem as they are not dependent on and do not need constant confirmation of their value. This hypothesis was confirmed. In contrast, it turned out that general self-esteem was not important for the efficacy of RSA. Overall, this is in agreement with views assuming that self-esteem is not a unitary trait and having generally high self-esteem does not necessarily generalize to all areas and abilities (e.g., Coopersmith, 1967; O’Brien and Epstein, 1988). Similarly, it was also hypothesized that the sense of self-efficacy would have similar effects: the participants with a high sense of self-efficacy might benefit from RSA less than those with lower self-efficacy because they are less dependent on external confirmations of this efficacy. This hypothesis was also not confirmed. One possible reason for this may be the fact that the tool used to measure self-efficacy, GSES (Schwarzer, 1993), was intended to measure a general trait. Such broad self-estimations may not necessarily generalize to specific abilities. It is possible that a tool measuring specific self-efficacy related to memory would moderate the impact of RSA on ME.

Another moderator of the effects of RSA on ME was feedback acceptance. It was hypothesized that, if positive feedback concerning memory is not accepted, memory-related self-confidence would not be enhanced, and the dependency on misleading information would not be reduced. This hypothesis was confirmed. In addition, our results confirm that feedback is not accepted and incorporated automatically. Apparently, it was interpreted and processed cognitively. It is possible, although our data cannot confirm this, that people treat feedback as valid only if it is congruent with their conceptions of self, at least to some degree (Markus, 1977; Swann, 1987). As Esses (1989) suggested, it may also be the case that feedback is accepted when its affective tone matches a mood state of an individual. After receiving the feedback, a person searches his or her memory to obtain evidence that confirms or discredits the content of the feedback. In a situation in which the memory that confirms the content of the feedback is activated, the person accepts the feedback and is willing to modify his or her self-image in line with the feedback. In a situation in which the subject does not find confirmation for the content of the received feedback, he or she usually rejects its content (Swann, 1987). However, memories that support both negative and positive feedback are usually available (Esses, 1989); in which case, the mood of the person seems to play a key role.

Finally, potential problems with our study should be mentioned. It should be acknowledged the RSA, in general, may not be free from some risks, stemming exactly from increased confidence of a witness. The relationship between confidence and accuracy is complicated (Olsson, 2000; Kebbell, 2009). Increased confidence may be dangerous if a witness has an inaccurate recollection.

Also, another caveat is worth mentioning. As elaborated in section “Introduction,” RSA is expected to be effective mainly among persons who are aware of the discrepancies between the original and post-event information. But we also speculated that warning against discrepancies between both sources is effective among witnesses who are aware of the discrepancies between them. It may be that RSA would be, in a way, redundant with warning in the case of such witnesses.

Furthermore, witnesses who are confident in the quality of their memory would probably benefit from it less.

Also, we are aware that RSA in its present form is of little use for forensic practitioners. It is certainly impossible to provide a real witness with fake positive feedback; this would be impossible for ethical and, probably, also for legal reasons. Having a witness write down his or her greatest achievements in life would also be strange. The present research is, therefore, basic in its nature but can, nevertheless, inspire development of a technique that is suitable for real forensic settings. Efforts to construct such a method are currently in progress.

There may be a problem with the measurement of feedback acceptance. It consisted in asking a question: “Does your score accurately reflect your memory capabilities?” It is possible that a participant may feel that his or her memory was not good but chose to accept the feedback due to perceiving the experiment to be correct.

In Experiments 1 and 2, the final memory test required the participants to make forced responses, without the possibility to refuse an answer or to indicate uncertainty. This is a possible limitation of the present study as, in reality, witnesses normally are (or should be) asked little questions in the form of closed alternatives and are allowed and encouraged to state if they are unsure about certain information.
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The Deese/Roediger–McDermott (DRM) paradigm has been used extensively to examine false memory. During the study session, participants learn lists of semantically related items (e.g., pillow, blanket, tired, bed), referred to as targets. Critical lures are items which are also associated with the lists but are intentionally omitted from study (e.g., sleep). At test, when asked to remember targets, participants often report false memories for critical lures. Findings from experiments using the DRM show the ease with which false memories develop in the absence of suggestion or misinformation. Given this, it is important to examine factors which influence the generalizability of the findings. One important factor is the persistence of false memory, or how long false memories last. Therefore, we conducted a systemic review to answer this research question: What is the persistence of false memory for specific items in the DRM paradigm? To help answer this question our review had two research objectives: (1) to examine the trajectory of target memory and false memory for critical lures and (2) to examine whether memory for targets exceeded false memory for critical lures. We included empirical articles which tested memory for the same DRM lists with at least two testing sessions. We discuss the results with respect to single-session delays, long-term memory recall and recognition, remember and know judgments for memory, and the effect of development, valence, warning, and connectivity on the trajectory of memory. Overall, the trajectory of targets showed a relatively consistent pattern of decrease across delay. The trajectory of critical lures was inconsistent. The proportion of targets versus critical lures across delay was also inconsistent. Despite the inconsistencies, we conclude that targets and critical lures have a dissimilar trajectory across delay and that critical lures are more persistent than targets. The findings with respect to long-term recall and recognition are consistent with both Fuzzy Trace Theory and Associative-Activation Theory of the DRM effect. The generation of false memory with brief delays (3–4 s) is better explained by Associative-Activation Theory. Examining the connectivity between target items, and critical lures, and the effect that has during study and retrieval, can provide insight into the persistence of false memory for critical lures.

Keywords: Deese/Roediger–McDermott (DRM) paradigm, critical lures, targets, trajectory, false memory, Fuzzy Trace Theory, delay, associative-activation theory


INTRODUCTION

Imagine that your partner asks you to shop for produce, providing you with a list of fruits to buy. You forget the list, and then buy what you think was on the list. When you return home with your bounty, your partner asks why you bought oranges. You say that you forgot the list, but you remembered that oranges were on it. This, however, is a false memory, because oranges were not on the list. Memory is vulnerable to errors of omission (information that was present initially but not retrieved later), as well as errors of commission (information that was absent initially but was retrieved later). In the latter category, intrusions can arise internally (self-generated; this is the type of error you made when you remembered that oranges were on the list) or externally through post-event information. Internally and externally generated errors fall in the broad category of false memory, although there is evidence that the two may be unrelated and have distinct underlying mechanisms (Ost et al., 2013; Bernstein et al., 2018; Nichols and Loftus, 2019).

One technique that has been used extensively to examine factors associated with false memory is the Deese/Roediger–McDermott (DRM) paradigm (Deese, 1959; Roediger and McDermott, 1995). Findings from research with this paradigm show that false memories develop rapidly and effortlessly (Read, 1996). In a standard DRM paradigm, during the study phase, individuals learn lists of semantically associated words (e.g., grapes, apples, lemons, melon, limes, and strawberries). At test, individuals try to remember the words from the study phase. True memories occur when participants remember the words presented at study – targets. Many individuals falsely remember semantically associated words that were absent at study (e.g., oranges). Researchers intentionally omit these associated words from study and refer to these as critical lures. Individuals remember critical lures at a higher rate than semantically unrelated words that were also absent at study (e.g., books). The latter are called distractors or foils. False memory has been tested in the DRM paradigm with different measures of memory, such as recall, recognition, or remember/know judgments. There is an extensive literature on the DRM which illustrates the importance of semantic encoding in memory. The findings also show that individuals form false memories in the absence of external suggestion or post-event information.

The ease with which individuals develop false memories in the DRM paradigm has contributed to research on the fallibility of memory, and the implications of false memory in real-world contexts. Therefore, it is important to study factors which influence the generalizability of the effect. One such factor is the persistence of false memory, or how long false memories last. In real-world contexts, an individual will be required to remember information after a delay, sometimes even after a lengthy delay. As in the example above, even if you provide the initial report quickly, you may have to provide or remember this information weeks or months later. Providing multiple reports may increase the likelihood that a memory error will occur. This is especially true if misinformation or suggestion is introduced (e.g., Loftus et al., 1978; Belli, 1989). However, the DRM paradigm shows that false memories can occur without suggestion. Furthermore, some research shows that across delay, these false memories remain relatively stable, or even inflate, compared to true memories.

False memories in real-world settings can have serious consequences. Now imagine that 30 min into lunch with a friend, you realize that you have an itchy raised rash on your neck. You are finding it difficult to breathe so you decide to go directly to emergency. There you are quickly greeted by a doctor who gives you an injection of epinephrine. The doctor suggests you write down everything you had at lunch. The task seems relatively straightforward: You had grapes, apples, lemons, melon, limes, strawberries, oranges, and blueberries. However, your memory of eating oranges is false. In this example, falsely remembering an orange at lunch could make you avoid the wrong food in the future, while consuming foods that could induce another potentially fatal reaction.

While it can be argued that the trajectory of true memory (targets) and false memory (critical lures) has practical importance, the trajectory of targets and critical lures in the DRM paradigm also has important theoretical implications. Two dominant theoretical explanations for false memory of critical lures in the DRM are the Associative-Activation Theory (Howe et al., 2009), informed by the activation monitoring theory (Roediger et al., 2001a), and Fuzzy Trace Theory (Reyna and Brainerd, 1995). Associative-Activation Theory suggests that critical lures are activated through spreading activation among pre-existing mental networks (Colins and Loftus, 1975). That is, the activation of a target word during the study phase initiates the activation of other words, including words that were not presented during study.

Alternatively, gist theories suggest that critical lures are generated because individuals extract the underlying meaning associated with the list items; critical lures have high semantic relatedness to the list items (see Gallo, 2010). Fuzzy Trace Theory is one popular gist theory used to explain the trajectory of targets and critical lures in the DRM. According to Fuzzy Trace Theory, information encoded in memory forms two traces: Verbatim and gist (Reyna and Brainerd, 1995; Brainerd et al., 1999). The verbatim trace contains item-specific information, while the gist contains mainly underlying meaning of the information without perceptual details (Brainerd et al., 2006). Fuzzy Trace Theory suggests that false memories arising in the DRM paradigm result from representation of the gist that occurs during encoding of the semantic associates on the lists. Gist memory tends to decay more slowly than verbatim memory (Kintsch et al., 1990; Reyna and Kiernan, 1994, 1995). Hence, if false memory for critical lures is due to gist formation, memory for critical lures and targets should have distinct trajectories. Based on Fuzzy Trace Theory, target memory should decrease more quickly than critical lure memory across delay.

Conversely, research that shows similar trajectories between targets and critical lures could indicate that the Associative-Activation Theory better explains false memory of critical lures. The Associative-Activation theory argues that critical lures are activated during the encoding phase due to the pre-existing associations with the items on DRM lists. The theory generally does not propose differences between targets and critical lures that would result in distinct trajectories across delay. Given the theory proposes that false memories for critical lures arise due to their association with targets, variation in how the items are associated could affect the persistence of targets and critical lures across a delay. This can include the number of items on the study lists, and the ease with which the critical lures are generated in free association from the targets (backward association strength), as well as the speed or automaticity of activation (Otgaar et al., 2019).

We conducted a systematic review of the empirical studies that examined the trajectory of memory across time using the DRM paradigm. We conducted our review to answer this research question: What is the persistence of false memory for a specific item in the DRM paradigm? Our review had two research objectives: (1) to examine the trajectory of target memory and false memory for critical lures and (2) to examine whether target memory exceeds false memory for critical lures. The answers to these research questions have practical and theoretical importance. Firstly, given that false memories that are generated in lab-based experiments are often generalized to real-world contexts, understanding how long false memories can occur after the encoding phase is critical to understanding the consequences of false memories (Bernstein and Loftus, 2009). Secondly, understanding the trajectory of targets and critical lures provides insight into the theoretical explanations of false memory. Experimental factors may influence the trajectory of memory in the DRM paradigm, including how researchers measure memory, the number of lists they use, the number of items per list, whether they manipulated delay within or between subject, and whether they included an immediate recall condition. We discuss the results with respect to the trajectory of memory (both true and false) from short to long-term, the trajectory of recall and recognition memory across long delays, the trajectory of remember/know judgments, the trajectory of memory in children and youth, and the effect of connectivity on the trajectory of memory.



METHOD

Two co-authors on this review (KD and IR) conducted independent searches in Google Scholar with the key terms, “Delay” AND “Deese-Roediger-McDermott.” KD searched for papers published between 1970 and 2010 and conducted this search between January 6 and January 17, 2021. IR searched for papers published between 2011 and 2021 and conducted this search between January and March 2021. The initial search yielded 1109 hits. KD and IR examined titles and abstracts to determine whether articles met our inclusion criteria: Empirical articles using the DRM paradigm with delay as a manipulated variable (either between or within subject). The first author (PC) developed these inclusionary criteria before the search started; so, we set out to answer this central question. Experiments had to have a minimum of two testing sessions with the same dependent variable at both sessions (i.e., recall followed by recall; or recognition followed by recognition), and the same study lists needed to be used during the testing sessions. We excluded experiments that had additional study sessions at subsequent testing, because we were interested in the trajectory of memory without additional encoding. There were some articles which manipulated delay across experiments. We included these in our sample but note the limitation to this methodological approach. Our criteria resulted in 38 articles. Finally, we examined the reference lists of the included articles to ensure relevant articles were not overlooked. The latter resulted in two additional articles (N = 40). All authors met bi-weekly between December 2020 and May 2021 to discuss the criteria and ensure every paper met the inclusion criteria. If there was any confusion whether an article should be included, all authors read the article, and everyone discussed how it fit with the inclusion criteria. Our Results and Discussion focus on targets and critical lures; we only discuss distractors when relevant to interpreting the results.



RESULTS

Summaries of methods and results for all included articles appear in Supplementary Materials Table 1.


Single-Session Delay

The trajectory of memories in the DRM paradigm can yield different patterns. Memories can decrease, remain stable, or increase across delay. This can apply to true and false memories independently or in tandem. We refer to these patterns as decrease, stability, and inflation. Regardless of which trajectory true and false memories follow, the proportion of true memories compared to false memories can also vary. Individuals may report proportionally more true than false memories, more false than true memories, or equal numbers of true and false memories.

Perhaps unsurprisingly, the trajectory of false memory depends on the length of delay being manipulated. More surprising to readers unfamiliar with the DRM is that false memories can occur using this paradigm in as little as 3–4 s. And while false memories have been consistently observed with brief delays (McDermott, 1996; Flegal et al., 2010; Festini and Reuter-Lorenz, 2013), the trajectory of true and false memories is inconsistent. For example, in one study, participants viewed 4-item lists of semantically related words and were then probed with a single word (target, unrelated distractor, or critical lure) after a short-term 3–4 s delay or on a surprise long-term recognition test occurring approximately 20 min later (Flegal et al., 2010). The results showed that target recognition decreased from the short-term to the long-term tests while critical lure recognition remained stable across these tests. Despite this, target recognition remained higher than critical lure recognition across delay. Other studies have shown delayed inflation of critical lures with short delays (8–20 min). For example, Festini and Reuter-Lorenz (2013) observed delayed inflation of critical lure recognition across an 8-min delay. As well, Olszewska et al. (2015) observed inflation of critical lure recognition from short-term (3–4 s delay) to long-term (20-min delay) memory. This shows that delayed inflation of critical lures can occur between short and long-term memory.

In many of the studies examining target and critical lure memory within brief periods, participants viewed short lists of words and then completed recognition tests. Recognition tests sometimes yield higher rates of critical lures compared to recall tests (e.g., McEvoy et al., 1999; Stadler et al., 1999). Importantly, the decrease in target recognition and stability of critical lure recognition across a brief delay has also been shown in recall. For example, McDermott (1996) had participants listen to 24 lists. Following each list, participants either recalled the words immediately or after a 30-s delay. Target recall was higher than false recall of critical lures at immediate recall. However, target recall decreased from immediate to delayed recall, while critical lure recall remained stable. Moreover, after the 30-s delay, rates of target and critical lure recall were equivalent. These results are consistent with McEvoy et al. (1999; Experiment 3) who observed lower target recall and stable critical lure recall after a 1-min delay.

The studies described thus far show that false memories for critical lures develop rapidly. This could support gist, or semantic encoding even in short-term memory. These findings are somewhat surprising given that at short delays, memory for the original lists should be strong and permit individuals to recognize memory errors of commission. Recall and recognition of critical lures in such brief periods could support the Associative-Activation Theory of false memory.

Despite the inconsistency and range of methodologies used to examine the trajectory of memory with brief delays, the results are relatively consistent: Target memory begins to decline rapidly, while critical lure memory remains stable, and possibly increases with delays of 20 min or less. The dissimilar trajectory of targets and critical lures across a 20-min delay is consistent with Fuzzy Trace Theory, however, it is arguably also consistent with Association-Activation Theory. Repeated activation of a critical lure in memory, due to multiple associated targets being presented during study, could result in a stronger representation of the critical lure than targets after a delay. This could depend on the association strength between the targets and critical lure.



Long-Term Recall

When examining the trajectory of targets and critical lures in long-term memory, some research shows that target recall declines more rapidly than false recall of critical lures (Payne et al., 1996; Brainerd et al., 2003; Sherman and Kennerley, 2014; although see Pardilla-Delgado and Payne, 2017). For example, Brainerd et al. (2003) observed delayed inflation of critical lures but not targets over three testing sessions (2-min filler, 5-min test/session). Additionally, participants recalled critical lures at higher rates than targets across all testing sessions. Brainerd et al. (2003) proposed that repeated attempts at recalling semantically related lists provides an opportunity to practice the gist recall processes. With no further opportunity to study the lists, there would be no expectation to strengthen memory for the targets; target memory or true memory relies on access to the verbatim traces rather than constructive processes associated with the gist memory processes (Brainerd et al., 2003). Alternatively, providing an opportunity to access the verbatim traces increases target memory. In a follow-up experiment, increasing the study sessions from one to three, when paired with increased testing, yielded higher rates of target memory than critical lure memory (Brainerd et al., 2003). One might expect, however, that inflation should emerge on targets as well as critical lures across three tests in a single session (21-min) because of the testing effect. Research on the testing effect shows that retrieving information (e.g., through testing) improves memory on subsequent tests (e.g., Roediger and Butler, 2011). Indeed, the testing effect has been shown to be relevant for target memory in the DRM. For example, McDermott (1996) reported that recall of targets and critical lures was higher when there was a previous testing session compared to when there was no previous testing session. However, even though the testing effect emerged, target recall and false recall of critical lures decreased across a 2-day delay. This decrease was smaller for targets and critical lures if participants had previously completed a recall test than if they had not (McDermott, 1996).

Critical lure recall has been shown to be more stable than target recall across even longer delays. For example, Toglia et al. (1999) presented participants with five auditory lists of semantically related words and instructed them to recall either immediately, 1 week, or 3 weeks later. Across the retention intervals, target recall decreased while critical lure recall remained stable. Brainerd et al. (2003) also reported that target recall decreased over a 1-week delay. These findings differ from those of Thapar and McDermott (2001, Experiment 1) who administered a surprise recall task either immediately, 2 days, or 7 days later. But while the decrease from immediate test to day 2 was steeper for target recall than critical lure recall, both decreased. There was little evidence of stability or delayed inflation of critical lures from immediate to a 7-day delay.

Work by Seamon et al. (2002) allows for the trajectory of memory to be examined beyond 1 week. Participants recalled either at a 2-week delay or a 2-month delay. In the delay from 2-weeks to 2-months, critical lure recall decreased while target recall did not. This finding suggests that although false recall of critical lures may be more stable than recall of targets across delays up to 2 weeks, lengthier delays (over 2 weeks) will cause steeper decreases for the critical lures. Even with the steeper decrease for critical lures from 2 weeks to 2 months, critical lures remained higher than targets at the 2-week and 2-month timepoints.

Recall of associated theme items has also been extended to applied settings. For example, Sherman and Kennerley (2014) presented participants with songs from popular artists. Participants recalled the songs 5 min and 1 week after study. During Test 1, participants recalled more target songs than critical lures (biggest hit by the artist, not presented at study; 5%). Recall of target songs decreased while recall of critical lures increased across time. This research shows how false memories produced with the DRM paradigm generalize to real-world settings. Moreover, this work shows that false memories may persist to the same degree as, if not more than, true memories for at least a period of 1 week.

There is also evidence that across delay, false memory for critical lures will exceed true memory for targets. For example, McDermott (1996, described above) tested word recall after a 2-day delay. Initially, participants had either recalled immediately or after completing arithmetic problems for 30 s. After the 2-day delay, critical lure recall exceeded target recall, even though both decreased from the short to long delay. The propensity for critical lure recall to be higher than target recall was also observed in research using a 1- and 2-day delay. In this study, individuals falsely recalled proportionally more critical lures than targets at both time periods (Pardilla-Delgado and Payne, 2017). False recall of critical lures has been shown to exceed target recall across 1-week delays (Thapar and McDermott, 2001; Sherman and Kennerley, 2014) and even across a 2-month delay (Seamon et al., 2002).

Overall, these results show a decline of target recall and stability or delayed inflation of critical lure recall, even after a 3-week delay (Toglia et al., 1999; Brainerd et al., 2003; Sherman and Kennerley, 2014). This stability of critical lure recall also occurs with confidence ratings; target recall confidence declines across delay, but critical lure recall confidence is unaffected by delay (Toglia et al., 1999). While much of the research with recall shows a steeper decrease for targets than critical lures across delay, the findings are mixed with respect to the stability or inflation of critical lures across delay (Thapar and McDermott, 2001, Experiment 1). Importantly there is also evidence that despite target recall being higher than critical lure recall when tested immediately after study, critical lure recall is higher than target recall across delays from 1 day up to 2 months. Thapar and McDermott (2001, Experiment 1) observed that target recall decreased more rapidly than critical lure recall over a 2-day delay. However, there was little evidence of stability or delayed inflation of critical lures as Fuzzy Trace Theory would predict (Thapar and McDermott, 2001, Experiment 1). Fuzzy Trace Theory predicts that critical lures would remain stable or increase across delays because they rely on gist. Failure to observe persistence of critical lures in Thapar and McDermott could be due to how they manipulated delay, or how they presented the stimuli.

In sum, participants tend to show decreased recall of targets and relatively stable or inflated memory for critical lures with delays up to 3 weeks. There is also evidence that despite target recall being higher than critical lure recall when tested immediately after study, critical lure recall is higher than target recall across delays from 1 day to 2 months. These findings are consistent with Fuzzy Trace Theory which predicts that the memory for gist will be stronger across a delay as the verbatim trace becomes less accessible. The results could also be consistent with Associative-Activation Theory. In instances where there is a strong association between the targets and the critical lures, repeated activation of a critical lure through presentation of multiple targets could result in a stronger memory representation for the critical lure than an individual target, across a delay.



Long-Term Recognition

Deese/Roediger–McDermott recognition findings are less consistent than DRM recall findings. Some studies have shown that target recognition decreases more rapidly than critical lure recognition across long delays (Brainerd et al., 1995, Experiment 2; Payne et al., 1996; Thapar and McDermott, 2001; Parker et al., 2019; Houben et al., 2020, Experiment 1). Other studies have not shown this effect (Lampinen and Schwartz, 2000; Neuschatz et al., 2001; Wang et al., 2017).

For example, Houben et al. (2021) compared two time points (immediate versus 48-h delay) in two experiments. Participants learned five neutral and five negative 10-word DRM lists. Target recognition was higher at Time 1 than Time 2 but there was no effect of delay on critical lure recognition. The decrease in target recognition across a 2-day delay is consistent with Ebbinghaus’s (1913) forgetting curve (see also Lampinen et al., 2005); however, the stable critical lure recognition over delay in Houben et al. is inconsistent with Lampinen et al. (2005) who observed an increase in critical lure recognition across delay. Another study by Lampinen and Schwartz (2000) showed that target recognition and critical lure recognition declined at a similar rate across a 48-h delay. In this study, participants listened to six lists before completing a 48-word recognition test immediately or 2 days afterward. Results showed a decrease in target recognition and corrected critical lure recognition across delay. Across two experiments, target recognition declined more than critical lure recognition for only non-corrected critical lures in Experiment 1. This pattern did not hold for corrected critical lure recognition in Experiment 1 or corrected or uncorrected critical lure recognition in Experiment 2 (Lampinen and Schwartz, 2000). Corrected critical lure scores address response bias by considering responding for non-related and related non-presented words. Non-corrected critical lure recognition does not account for response bias; it simply examines overall critical lure recognition. Bias-corrected scores are commonly reported when participants complete recognition tests (e.g., Brainerd and Reyna, 2018).

Whether recall is present during study likely influences the stability of false recognition across time. Importantly this could also influence the pattern of target recognition. In work by Payne et al. (1996), participants studied 16 lists. Immediately following each list, participants either recalled all the words or they completed arithmetic problems. After presentation of all the lists, half the participants completed a 384-item recognition test while the other participants returned 24-h later to complete the recognition test. Although target recognition decreased across delay, critical lure recognition remained stable. Participants were also more likely to report that a word was old (present at study) if the word belonged to a list which involved immediate recall rather than arithmetic at study. This was true for both types of recognition, but the effect was larger for target than critical lure recognition.

There is evidence that individuals will reject a critical lure in a recognition task if they can remember a specific target (tired) on the list contrary to the lure (sleepy) – recollection rejection. The idea of recollection rejection is consistent with Fuzzy Trace Theory, where participants reject a critical lure because they have access to a verbatim trace. In a study conducted by Lampinen et al. (2005), participants performed a think-aloud task during the study and test phase to examine what strategies participants used to reject false memories. Recollection rejection occurred when participants rejected a word (e.g., sleep) because they remembered a different word being present (e.g., tired). Alternatively, distinctiveness occurred when the presence of that word should have evoked a specific memory (e.g., I would have remembered the word, needle, because I hate needles; Lampinen et al., 2005). The recognition test occurred either immediately or 48 h after the study phase and included targets, critical lures, non-presented associates that had a weaker association strength than the critical lures, and distractors from the non-studied lists. For all distractors and non-presented associates, distinctiveness was the most common strategy; however, for critical lures, recollection rejection was the most common strategy. While the use of both strategies decreased across delay, recollection rejection remained the most common strategy for critical lures.

A less frequent approach to examining the trajectory of true and false memories is to use a lexical decision task. Studies using reaction time on lexical decision tasks with DRM word lists yield mixed results. McKone (2004) had participants complete an intervening lexical decision task between a study phase and a recognition phase that occurred 3 or 10 min afterward. The percent of targets and critical lures was similar and there were no differences in delay. On the lexical decision task, targets were identified more quickly than targets from unstudied lists, but the reaction time for critical lures and lures from non-presented lists was the same. This pattern occurred across delay. McKone argued that the lexical decision task could distinguish between targets and critical lures across delay. These findings are inconsistent with Sergi et al. (2014), where participants completed a lexical decision task for targets, non-word targets, critical lures, new non-words, and unrelated new words. At an immediate test, a 3-min delay, and a 10-min delay, reaction time for targets and critical lures was shorter than the other categories and there were no differences in reaction time between targets and critical lures. Sergi and colleagues argued that the activation levels of targets and critical lures were similar, and the observed increase in reaction time for the lexical decision task was the same for both after a 10-min delay. The authors argued for an activation theory of false memory formation in the DRM. This argument is supported by the observation of latency scores on the lexical decision task being equivalent for targets and critical lures.

There is some evidence that across a delay, critical lure recognition will be equivalent (Thapar and McDermott, 2001) or higher than target recognition (Brainerd et al., 1995; Huff et al., 2012; Pardilla-Delgado and Payne, 2017). For example, Pardilla-Delgado and Payne (2017) had participants complete the recognition test either 24 h or 48 h after study. There was no effect of delay on target or critical lure recognition, but target recognition was lower than critical lure recognition at both testing points.

In sum, the evidence is mixed for DRM recognition after long delays. Some studies show target recognition decreases more rapidly than critical lure recognition across delay (Brainerd et al., 1995, Experiment 2; Payne et al., 1996; Thapar and McDermott, 2001; Houben et al., 2020). Others have not shown this effect (Lampinen and Schwartz, 2000; Brainerd et al., 2001; Neuschatz et al., 2001; Wang et al., 2017). There is evidence that individuals use recollection rejection when judging critical lures. This strategy is consistent with the Fuzzy Trace Theory prediction that access to the verbatim trace may be used to reject gist-based critical lures. Sergi et al. (2014) used a lexical decision task to argue that targets and critical lures were activated and behaved similarly across delay, a finding more consistent with the Association-Activation Theory than Fuzzy Trace Theory. Finally, there is also some evidence that across delay, critical lure recognition exceeds target recognition. The inconsistency in findings derived from studies using recognition is likely due to the same methodology variations seen in free recall (e.g., between-subjects designs, number of lists, number of items, whether the items were recalled directly after each list).



Remember/Know Judgments

Theoretical explanations for false memory in the DRM paradigm suggest that the subjective experience of remembering should differ for targets and critical lures (Neuschatz et al., 2001). Based on Fuzzy Trace Theory, perceptual information from the verbatim trace could be integrated with the gist information, especially if the verbatim trace is no longer fully accessible. This could result in the subjective experience of the gist representation (false memory) being rich and resembling that of the verbatim trace. This would be expected to increase with delay due to verbatim decay (see Neuschatz et al., 2001). One way to study the subjective experience of memory is to have participants provide a remember or know judgment for each recognized word (Tulving, 1985; Gardiner and Java, 1990). For example, in Payne et al. (1996) participants provided more remember judgments at Time 1 than Time 2. This decrease in remember judgments occurred for lists followed by arithmetic but not for lists followed by immediate recall.

Neuschatz et al. (2001) found that after 48 h, participants could distinguish true from false items on the DRM using a memory characteristics questionnaire (Johnson et al., 1988). The memory characteristics questionnaire asks participants to rate the experience of remembering an item (e.g., what it sounded like, placement within the list, and what types of reactions the person had when the word was presented). At immediate test, participants provided more remember judgments for studied words than for critical lures, but this difference did not persist after the 48-h delay. However, participants’ responses on the memory characteristics questionnaire differed for studied words and critical lures. That is, participants reported remembering more perceptual information for studied words than critical lures. This suggests that participants can distinguish between targets and critical lures based on some perceptual details for at least 2 days following the study phase. Neuschatz et al. (2001) argued that this is inconsistent with the notion that perceptual details for true memories fade more quickly than those for false or suggested memories, as proposed by Belli and Loftus (1994). It was noted that the findings may not generalize to situations where false memory persists beyond 2 days. It may be that for longer delays, perceptual information for false memory is less vulnerable to decay than that of true memory. For example, to examine false memory in an applied setting, participants watched simulated television programming with advertisements of five associated, but interspersed products (e.g., beers, cars, and banks; Sherman et al., 2015). The researchers observed delayed inflation of critical lures after a 1-week delay. Additionally, remember judgments for target brands and filler items remained stable across time, while remember judgments for critical lures increased across time.

In sum, Fuzzy Trace Theory would predict that the subjective experience of associating rich, perceptual detail with target memory should decrease across delay. As the verbatim trace decays, the subjective experience associated with critical lures should resemble that of targets. The research to date has yet to show this pattern definitively.



Factors That Influence Persistence of Targets and Critical Lures

We are interested in the persistence of false memory in the DRM paradigm. Up to this point, our review focused on examining the trajectory of targets and critical lures with common measures of memory (recall, recognition, remember/know, and lexical decision tasks). The following sections explore other facets of the DRM that can interact with the effect of delay on targets and critical lures. We feel these facets contribute to the understanding of the trajectories as well as the theoretical explanations of how targets and critical lures persist across delay. For this reason, we included a small overview of: The effects of warning, valence, development, and connectivity on the trajectory of targets and critical lures in the DRM.



The Effect of Warning on Trajectory of Memories

Some researchers have examined the effect of warning participants about false memories in the DRM paradigm. Generally, individuals learn that the study lists contain items associated with one another. They also learn that during the memory test they will encounter words that are associated with the original study lists but were not presented during study. Participants are asked to avoid recalling or recognizing these words. In many studies examining the effect of warning, participants receive a single study session with or without warning and a single testing session (e.g., McDermott and Roediger, 1998; Gallo et al., 2001). We found only one study that included a warning between Test 1 and Test 2, following a single study session. Miller et al. (2011) had two detailed warning conditions and a no-warning control condition. In the critical lure warning condition, participants heard an explanation of critical lures and learned techniques to prevent false memories. In the criterion warning condition, participants were warned about saying old to any related words. The critical lure warning had no effect on targets or critical lure recognition; however, the criterion warning condition decreased both target and critical lure recognition from Test 1 to Test 2.

In a study by Wang et al. (2017), individuals were told that they falsely recognized a word on Test 1 before they completed Test 2. Participants then completed the compound remote associate task (CRAT). The solutions to the CRAT corresponded to the targets and critical lures from the DRM lists. While being challenged affected CRAT solutions (those who were challenged produced fewer CRAT solutions than those who were not challenged), this was for true and false memories and did not vary across time.

In another experiment, Brainerd and Reyna (2018) had participants learn, with examples, that the test would include old words, new words that were semantically related to the old words (new similar), and new words that were semantically unrelated to the old words. These examples would essentially serve the same purpose as a warning, because participants were informed that words similar to old words would be on the test, but they were in fact new words. For lists with low association strength, participants were slightly more likely to judge new similar words as new than old but their ability to distinguish between new similar and old dissipated across a 10-day delay.

The limited research on the effect of warning or feedback between testing sessions suggests that general warnings may reduce false memories, but this may be due to a criterion shift. Warnings specifically targeting false memory may be less effective than those targeting how one responds more generally to associated items. The latter will reduce reporting of targets and critical lures to an equal extent. The decreased ability for the warning to help distinguish between old and new across a 10-day delay is consistent with Fuzzy Trace Theory, because it presumably results from decay of the verbatim trace.



Valence

The emotionality of the lists may influence the trajectory of targets and critical lures in a DRM paradigm. In a study conducted by Howe et al. (2010), participants studied six neutral lists and six negative emotional lists (Experiment 3) and completed a recognition test either immediately or after a 1-week delay. At initial test, participants recognized negative critical lures more often than neutral critical lures. Across delay, target recognition declined more for negative stimuli than for neutral stimuli; however, critical lure recognition remained stable for neutral stimuli and increased for negative stimuli. These results show delayed inflation of critical lures for negative emotional stimuli.

Similarly, in a study by Knott and Shah (2019), participants showed delayed inflation of critical lures for negative stimuli compared to neutral stimuli, when presented quickly. For critical lure recognition that had been presented slowly, participants were more likely to say old to negative words than neutral words. The results from Howe et al. (2010) and Knott and Shah differ from those of Choi et al. (2013) who found that target recognition was higher for negative stimuli than neutral stimuli and found no effect of valence on critical lure recognition. The effect of valence on target recognition was present after a 24-h delay, but critical lure recognition was more frequent for neutral than emotional stimuli (Experiment 2).

Individual differences might moderate the delayed inflation of critical lures for negative stimuli. Norris et al. (2019) found increased memory for negative lists at immediate test for target and critical lure recognition. However, after a 24-h delay, the researchers observed that those low in neuroticism no longer showed increased critical lure recognition for negative stimuli. Valence of the stimuli may also interact with mood, and there could also be a mood congruency effect (Knott and Thorley, 2014; Packard et al., 2014). Knott and Thorley (2014) observed that after a delay, critical lure remember judgments were higher for negative stimuli than neutral stimuli, but only among participants who had watched a video aimed at eliciting a negative mood state.

Conclusions from Choi et al. (2013) and Norris et al. (2019) must be drawn cautiously because delay was compared across experiments. However, it appears that stimulus valence could influence the trajectory of critical lure memory in the DRM paradigm, with some studies showing inflated critical lures for negative words (Howe et al., 2010; Knott and Shah, 2019; Norris et al., 2019). This effect is likely moderated by several factors, including individual differences and mood congruency.



Developmental Trajectories of the Deese/Roediger–McDermott Paradigm

Many studies have observed a developmental reversal of the DRM effect, where false memories are higher for young adults compared to children (e.g., Brainerd et al., 1995, 2004; Dewhurst and Robinson, 2004; Howe et al., 2004; Howe, 2005; Lampinen et al., 2006; Dewhurst et al., 2007; Anastasi and Rhodes, 2008; Calado et al., 2019). Fuzzy Trace Theory predicts that false memories will increase with age, because children have yet to develop the same extensive level of semantic networks that adults possess (Brainerd et al., 2006).

Unlike adults, children who do not spontaneously generate gist memories should show lower levels of false memory persistence (Brainerd et al., 2006). Additionally, children may not exhibit the delayed inflation effect, because it requires processing gist memories of list themes during recall. Brainerd et al. (2006) examined the effects of immediate and delayed testing across 6- and 11-year-olds. In session one, participants studied the first eight DRM lists, followed by either 2 min of free recall or a distractor task. Participants proceeded with immediate testing, where they received a recognition test consisting of the previously studied lists and eight additional ones. After a 2- to 3-day delay, participants completed a 128-item recognition test, including half the items presented from session one. Older children showed the delayed inflation effect, while younger children did not. While false memory declined over a 2- to 3-day delay, false memory was higher for older children than younger children, regardless of immediate or delayed testing. These findings are consistent with Brainerd et al. (1995), where 5- and 8-year-olds completed recognition tests in an immediate and 1-week delayed testing session. False memories were higher in older children compared to younger children, although some false alarms and hits were persistent across this delay.

Theoretical explanations for these findings on false memory development include Fuzzy Trace Theory (Reyna and Brainerd, 1995; Brainerd and Reyna, 1998). Given that gist-based memories have been shown to be more stable than verbatim memories, true memory should decrease following a delay, while false memory should remain constant (Kintsch et al., 1990; Reyna and Kiernan, 1994, 1995). This process is known as delayed stability and has been demonstrated in children and adults (e.g., Payne et al., 1996; Brainerd et al., 2001, 2006; Howe et al., 2010). Moreover, studies have shown an increase in levels of false memory for critical distractors (i.e., delayed inflation) in adults and children on delayed memory tests (e.g., Brainerd and Reyna, 1996; Payne et al., 1996).

Findings which show delayed inflation of critical lures in older but not younger children are consistent with Fuzzy Trace Theory. Younger children may differ from older children and adults in terms of gist processing. Therefore, it might be expected for critical lures to persist less so in younger children (Brainerd et al., 2006). However, the finding could also be consistent with Associative-Activation Theory. If younger children have less developed associative networks, this would also explain developmental differences with respect to persistence of critical lures across a delay. Additionally, some research shows that when given developmentally appropriate lists, younger children’s memory of critical lures resembles that of older children and adults (Metzger et al., 2008).



List Connectivity

Norming studies show a wide range in rates of false memories produced by the different DRM lists. Stadler et al. (1999) observed that critical lure recognition varied from 27 to 84% on 36 lists and Roediger et al. (2001b) found that critical lure recognition rates varied from 11 to 84% on 55 lists. Thus, characteristics of the list items, including the number of items in a list, their connectivity to one another, and connectivity to the critical lure, may also influence the trajectory of true and false memories over delays. Connectivity levels refer to the mean connections per associate to the critical lure. Research shows that the connectivity levels of the lists may differentially affect the trajectory of target and critical lure recall across a 1-week delay (Goh and Khoo, 2007). In this study, participants viewed 24 lists, of which half were high connectivity (mean connections > 2), and the others were low connectivity (mean connections < 1). During Test 1 (immediately following study), connectivity facilitated true recall: Memory for targets was higher for high connectivity lists. However, connectivity did not affect critical lure memory. During Test 2 (1 week following), connectivity no longer influenced memory for targets; rather, it influenced memory for critical lures: False memory of critical lures was greater for lists with low connectivity than lists with high connectivity (Goh and Khoo, 2007). This is the only study that we found that used delay and connectivity strength to directly test Fuzzy Trace Theory and an alternative theory (PIER 2). Goh and Khoo (2007) argued that the findings are inconsistent with Fuzzy Trace Theory because high, not low connectivity, should result in greater gist extraction. A stronger gist should lead to inflation of critical lures. The researchers observed the inverse of this, with greater critical lure memory for low connectivity lists, after the delay.

McEvoy et al. (1999) showed that connectivity to the critical lure increased the likelihood that the critical lure will be falsely recalled. However, high connectivity between the presented words within a list, increased target recall. Likewise, critical recall decreased in lists with high connectivity between list words; the effect was consistent across a 1-min and 5-min delay. The explanation for this finding is that access to the true presented words competes with the false recall of the critical lure and serves a protective function. Consistent with this idea, several studies have shown that recall rates for the target and the critical lures are inversely related (Stadler et al., 1999; Roediger et al., 2001b). However, other studies have reported positive relationships between targets and critical lures (Brainerd et al., 2003; Cody et al., 2015). Importantly, for recognition, high list connectivity resulted in more true recognition rates (hits) but also more false recognition rates (McEvoy et al., 1999). This points to different underlying mechanisms for recognition and recall of false memory in the DRM paradigm.




GENERAL DISCUSSION

We began this systematic review with one overarching question – when a person develops a false memory for an item in the DRM, how long will that false memory last? Answering that question led us to examine (1) the trajectory of memories for targets and critical lures in the DRM across delay; and (2) the proportion of true versus false memories across delay. The results of our search led to an inconsistent data pattern. However, some findings were consistent across studies. Firstly, false memories for critical lures develop rapidly. The small body of literature that examines at least two testing points within a single session shows that individuals will falsely recognize (Olszewska et al., 2015) within 3–4 s and falsely recall (McDermott, 1996) critical lures within 30 s of the study session. Secondly, target memory begins to decline rapidly. Most studies show steep declines up to about 2 days, entirely consistent with Ebbinghaus’s (1913) forgetting curve. Thirdly, in delays up to 2 weeks, individuals commonly recall proportionately more critical lures than targets. Despite the inconsistency in the trajectory, there is remarkable consensus that across delays critical lures are falsely recalled at higher rates than recalled targets. This occurs with delays ranging from 1–2 days (McDermott, 1996; Thapar and McDermott, 2001; Pardilla-Delgado and Payne, 2017, Experiment 1) to 2 weeks (Toglia et al., 1999) to 2 months (Seamon et al., 2002). Finally, when recall tests are given, target memory generally declines more rapidly than false memory for critical lures.

These similarities in the data are met with an equal number of dissimilarities. There are several factors that help to explain the dissimilarities:


(1)Whether delay was manipulated within or between subjects. For example, Toglia et al. (1999) observed that across three testing periods (immediate, 1 week, or 3 weeks) target recall decreased while critical lure recall remained stable. However, Thapar and McDermott (2001, Experiment 1), who tested participants either immediately, 2 days, or 7 days later, found that both target recall and false recall of critical lures decreased across delay. Failure to observe stability of critical lures in Thapar and McDermott could be due to delay being manipulated between subjects. Furthermore, some researchers compared across experiments to draw conclusions about delay (Choi et al., 2013; Norris et al., 2019). Cross-experiment comparisons are not as methodologically sound as within-experiment comparisons; thus, we urge caution when interpreting results from cross-experiment comparisons.

(2)The number of lists used. This will affect the study and test phase. More items create more interference. This may be particularly relevant when recognition is the dependent variable. For example, Payne et al. (1996) observed stability of critical lure recognition after a 24-h delay, while other researchers did not observe this stability (e.g., Lampinen and Schwartz, 2000). Payne et al. had 16 lists and a 384-item recognition test, while other studies used fewer lists.

(3)The modality of the presentation of items at study and test. Lists presented visually may increase false recognition of critical lures in short-term memory, while lists presented auditorily may increase false recognition of critical lures in long-term memory (Olszewska et al., 2015).

(4)Whether participants recalled items prior to delayed testing sessions. Some studies, even those which used remember/know judgments or recognition tests across two time points, had participants recall the words either directly after each list, or after all lists had been presented. The inclusion of a recall test may influence the trajectory of targets and critical lures. False recall of a specific critical lure on a test increases the likelihood that the word will be falsely recalled on a subsequent test. Increased likelihood to falsely recall critical lures at Test 2 when they were recalled at Test 1 could also be due to forgetting that comes from retrieval. Retrieving information increases subsequent memory for items that were retrieved, while impairing memory for semantically related items that were not retrieved (Anderson et al., 1994). This has been shown to occur with both targets and critical lures (Bäuml and Kuhbandner, 2003).




Is Persistence of False Memory for Critical Lures Due to a Criterion Shift?

A reviewer sagely asked whether persistence in false memory of critical lures across delay is a result of a criterion shift. That is, with a delay, individuals might be more likely to say they recognize words as having been presented at study. There are few studies which give warning or feedback between testing sessions. The available literature suggests that, compared to specific warnings about critical lures, general warnings (e.g., saying old to any related words) may be more effective at reducing false memories (Miller et al., 2011). General warnings, however, likely decrease reporting of targets and critical lures. This could suggest that individuals are developing a more liberal criterion across delay which might explain instances of delayed inflation of critical lures. If delayed inflation of critical lures results from a criterion shift, it could be argued that individuals would also be more likely to show increased recognition for targets and foils across a delay. Generally, target memory begins to decrease rapidly, even in studies where false memory for critical lures remains stable or increases across time. When examining the effect of delay on foils, there is an important consideration: While most studies included foils, not all studies included analyses of the effect of delay on foils. Comparing patterns of critical lures to foils across delay would help DRM researchers determine whether persistence of critical lures is simply due to a criterion shift.

Studies that examined effect of delays on foils showed that individuals made more errors on related words (critical lures) than unrelated words (foils; Olszewska et al., 2015). Seamon et al. (2002) examined the trajectory of foils and reported a marginal effect (p < 0.07); more foils were reported at the 2-month test than the 2-week and immediate test. If this trend is to be interpreted, it could be that participants are adopting a more liberal criterion; however, it should be noted that critical lures decreased from the 2-week to 2-month period, and targets decreased from immediate to the 2-week period. If participants were more liberal in their responding, one might expect similar patterns for all item types. Seamon et al. (2002) attempted to equate baseline recall by analyzing adjusted recall proportions. To do this, they statistically adjusted both targets and critical lures to equal at baseline. They did this to address the concern that a linear scale of recall may not be appropriate for two functions that vary at baseline (e.g., Loftus, 1985; Thapar and McDermott, 2001). These adjusted values resulted in a similar pattern of results (at immediate test, target recall exceeded false recall of critical lures, but false recall of critical lures exceeded target recall at 2 weeks and 2 months). Additionally, adjusted scores showed a decrease in target recall and no change on critical lures from immediate to 2 weeks. From 2 weeks to 2 months there was a slight decrease in target recall and a steep decrease in critical lure recall. Using adjusted scores therefore yields results which are likely not due to a criterion shift.

In sum, because some studies do not analyze or report findings on the effect of delay on foils, it is difficult to rule out that delayed inflation of critical lures is not a result of a criterion shift. Warnings which instruct participants to avoid saying yes to semantically related words, have been shown to reduce both targets and critical lures. This supports a criterion shift argument. However, studies that do report the effect of delay on foils have shown critical lure memory is greater than foil memory. Additionally, it could be argued that a criterion shift would result in delayed inflation of targets as well. This is generally not observed in the literature. The existing research does not appear to support a criterion shift argument, but future research in this area should report the effect of delay on foils.



Why Are the Results More Consistent With Recall Than Recognition?

Inconsistencies most often seem to arise when dependent variables other than recall (recognition, R/K, lexical decision tasks) are used to examine memory across delay. Why is this so? As with recall, the trajectory of true memories when recognition is used to assess long-term memory is relatively consistent. If a test occurs immediately after study, target recognition is typically higher than false critical lure recognition. Target recognition then declines rapidly, within seconds. Most studies show steep declines in target recognition of up to 2 days. However, the pattern is less consistent when examining the trajectory of long-term critical lure recognition: Some researchers report decreases, some report stability, and some report delayed inflation. As with studies using recall, studies with recognition have highly variable methodologies. Possibly, the task of recognizing targets and critical lures is more sensitive to these variations than is recall. Given that participants view possible targets and critical lures in a recognition task, the number of items at test is a factor that affects recognition but not recall. For example, after a 24-h delay, Payne et al. (1996) observed decreased target recognition and stable critical lure recognition. This study had a recall session preceding the first recognition test, which increased persistence of false memory for critical lures. Payne et al. also had 16 lists and a 384-item test, while other studies which failed to show stability of critical lure recognition had fewer lists and a shorter recognition test (e.g., Lampinen and Schwartz, 2000). Therefore, in addition to factors that influence recall (e.g., within or between subjects, modality of presentation, and whether one completes immediate recall following each list), recognition tasks might be especially sensitive to the number of items during study and test.



Does Fuzzy Trace Theory or Associative-Activation Theory Better Explain the Persistence of False Memory for Items in the Deese/Roediger–McDermott Paradigm?

Persistence of critical lures across delay has been argued as evidence for Fuzzy Trace Theory. According to Fuzzy Trace Theory, multiple testing sessions promote rehearsal of the gist without rehearsal of the verbatim trace. Increased study sessions allows one to rehearse verbatim traces, thereby countering the stability or inflation of false memories (Brainerd et al., 2003). Studies that examine delay within the same testing session show that false memories for critical lures develop rapidly. This could support gist or semantic encoding even in short-term memory. These findings are somewhat surprising given that at short delays, memory for the original lists should be strong and permit individuals to recognize memory errors of commission. According to Fuzzy Trace Theory, strong verbatim memory allows for rejection of critical lures in the DRM paradigm (Reyna et al., 2016, p. 7). With delays of 3–4 s, the verbatim trace should be available and target recognition should be high. This should decrease the reliance on gist-based processes. In some studies, participants view brief lists and then view a single recognition probe immediately and minutes later. McDermott (1996) and McEvoy et al. (1999; Experiment 3) had participants recall immediately after each list or after a 30–60 s delay. Studies which showed delayed inflation used recognition tests in which participants judged which words on the test appeared in prior lists. It could be that critical lure recognition is more persistent than critical lure recall in short-term than in long-term memory. Overall, the findings from studies examining short-term memory show different trajectories for targets and critical lures. Fuzzy Trace Theory argues that false memory for critical lures is due to reliance on the gist as the verbatim traces decay. After a delay of a few seconds, individuals should have access to the verbatim traces and not have to rely on the gist. Critical lure recall and recognition in such brief periods could support the Associative-Activation Theory of false memory.

The trajectory of true memories when recall is used to assess long-term memory is relatively consistent. Most studies show steep declines up to about 2 days. However, the pattern is less consistent when examining the trajectory of false memory in long-term memory. Some studies show that critical lure recall decreases (McDermott, 1996; Thapar and McDermott, 2001, Experiment 1), others show critical lures remain stable (Toglia et al., 1999), and others show delayed inflation for critical lures (Brainerd et al., 2003; Sherman and Kennerley, 2014). Despite the inconsistency in the trajectory, there is remarkable consensus that across delays critical lures are falsely recalled at proportionately higher rates than recalled targets. This has been shown in delays from 1–2 days (McDermott, 1996; Thapar and McDermott, 2001; Pardilla-Delgado and Payne, 2017, Experiment 1) to 2 weeks (Toglia et al., 1999) to 2 months (Seamon et al., 2002).

The findings of rapid decline of target memory and higher false memory for critical lures compared to target memory after a delay is consistent with the predictions of Fuzzy Trace Theory; that is, the gist is more resistant to decay than is the verbatim trace. The findings could also be consistent with Associative-Activation Theory. This pattern might be especially expected when lists which have high backward association strength are used, which is common in many of the studies that examine delay. Backward association strength has been found to be one of the best predictors of false memory for critical lures (Roediger et al., 2001b). If one presents at study many lists containing targets that are highly associated with the critical lures, this would in theory result in repeated activation of specific critical lures. This pattern would also be expected during a recognition task. Presenting associated words during the retrieval phase would also result in strong activation of the critical lures, activation which might exceed that of the activation for any single target. Therefore, the critical lure could be more activated than specific targets, making the critical lures seem more familiar and more memorable after a delay. Given that the persistence of critical lures could be explained by both theories, further investigation is needed to tease apart whether the effect is due to gist extraction or association activation. Some work has been done to test this. For example, Otgaar et al. (2012) observed that disruptions in the association process through distraction resulted in fewer false memories for critical lures in children.

Findings from McKone (2004) which showed that participants could identify targets more quickly than critical lures on a lexical decision task seem to support Fuzzy Trace Theory which predicts that the verbatim trace and gist representation are similar but distinguishable. Conversely, Sergi et al. (2014) argued for an activation theory of false memory formation in the DRM. This argument is supported by the observation of latency scores on the lexical decision task being equivalent for targets and critical lures, even with a 10-min delay. The differences between McKone (2004) and Sergi et al. (2014) may to be due to how the authors interpreted the data, and the inclusion of an immediate testing condition. Sergi and colleagues observed increased latency between the immediate and 10-min condition; with no immediate condition, McKone could not observe this increase. Additionally, Sergi and colleagues’ argument stems from the similarity of reaction time between targets and critical lures, which were both faster than non-words and new distractors. However, McKone compared reaction time from critical lures associated with presented lists to reaction time from critical lures associated with non-presented lists and found no advantage for critical lures associated with presented lists. So, while it appears that there may be an increase in latency from immediate test to a 10-min delay, targets and critical lures may be distinguished with a lexical decision task. Future research might consider including an immediate delay condition along with a comparison of critical lures from presented and non-presented lists to examine whether the ability to distinguish between targets and critical lures changes across delay.

There is also some evidence that the memory process is different for recognizing targets and recognizing critical lures. Brainerd and Reyna (2018) argued that when participants have the option to respond new-similar to critical lures, the findings indicate that new-similar and old words are remembered in different ways. When judging items as old or new semantically related words, participants were much more likely to correctly judge old words as old, but they judged new semantically related words as old and new semantically related at approximately equal rates. Permitting participants to respond new-similar in addition to old may provide interesting and insightful results if included in future DRM studies. There is also evidence that individuals use memory of targets to help reject critical lures, further suggesting that the two traces may be distinguishable. The idea that individuals will reject a critical lure because they can remember the target word/words is consistent with Fuzzy Trace Theory. If individuals can still access the verbatim then they will be less reliant on the gist.

Lampinen et al. (2005) examined the most common strategies for foils, related associates, and critical lures, even after a 48-h delay. They found that recollection rejection was the most common strategy used for critical lures. This would suggest that individuals still have access to the verbatim trace, for at least some of the targets. This is not necessarily contrary to Fuzzy Trace Theory, because Fuzzy Trace Theory does not stipulate complete degradation of verbatim traces across a specific time. An important finding may be that of different strategies used for related associates and critical lures. Both these items are semantically related to the targets. Therefore, it might be expected that access to the verbatim, recollection rejection, could also be used to reject the unpresented related associates. However, recollection rejection was most common for only critical lures, and distinctiveness was more common for other related associates. One difference between the two non-presented words is the strength of the association between each item and the targets; critical lures have a stronger association. It might therefore be argued that critical lures have a stronger activation than other non-presented associates, a stronger sense of familiarity, and therefore require a certain strategy (e.g., memory for the target) to counter this. Alternatively, other non-presented associates result in a lower level of activation and familiarity, and, thus, can be rejected by strategies other than memory for the targets (e.g., distinctiveness). Therefore, the use of different rejection strategies for critical lures and other non-presented associates is potentially consistent with both Fuzzy Trace Theory and Associative-Activation Theory.

Looking at the subjective experience of remembering across time yields mixed findings. Some studies show that remember judgments for targets and critical lures decrease in a similar way (Lampinen and Schwartz, 2000); other studies show a different pattern for the two (Sherman et al., 2015). Fuzzy Trace Theory suggests that the item-specific information, the verbatim trace, decays rapidly after the study phase. Therefore, we would expect to see that the subjective experience of remembering the target words presented at study would initially differ from the gist-based representation of the critical lure; however, with a delay, the sense of remembering targets and critical lures would be more similar. This data pattern for remember/know judgments occurred in Neuschatz et al. (2001). That said, the subjective experiences for targets and critical lures were differentiated through the memory characteristics questionnaire after a 48-h delay, which is inconsistent with Fuzzy Trace Theory (Neuschatz et al., 2001).

In some studies, false memories are greater for older children than younger children regardless of immediate or delayed testing conditions (e.g., Brainerd et al., 1995, 2006). Additionally, older children will show delayed inflation of critical lures, while younger children do not show this effect. The developmental reversal of the DRM effect can be explained by children’s less extensive levels of semantic networks and a lack of spontaneous, gist memory formation between list targets. Studies which fail to observe critical lure inflation in young children are consistent with Fuzzy Trace Theory. These results are arguably also consistent with the Associative-Activation Theory. Given that younger children have less developed semantic networks, it might also be expected that the presentation of targets results in less activation of critical lures in younger children compared to older children. In fact, dividing attention during the study phase may decrease the spread of activation. This has been shown to decrease false memories for children but not for adults. The explanation for this is that association activation is less automatic for children than adults, making the process more vulnerable to disruption in children (Otgaar et al., 2012, 2019).

Increased memory of critical lures compared to targets across a delay may be consistent with both Fuzzy Trace Theory and Associative-Activation Theory. A sophisticated understanding of how items are associated with one another and with the critical lure might provide more insight into the trajectory of targets and critical lures across various delays. Norming studies show that the rates of memory for critical lures vary across lists. Therefore, the characteristics of the lists themselves influence how they are remembered, the proportion of target and critical lure memories they produce, and how these memories persist across delay. There is good consensus that the strength of the associates to the critical lure increases false memories. However, when examining the association strength between target words rather than between target words and the absent critical lure, lists that have high inter-item association strength produce lower critical lure memory, across delay (McEvoy et al., 1999; Goh and Khoo, 2007). Goh and Khoo (2007) argued that Fuzzy Trace Theory cannot fully explain this finding. Fuzzy Trace Theory predicts that lists with high connectivity, with strong semantic relatedness among the list items, should strengthen the gist representation, thereby increasing recall of the critical lures. Goh and Khoo (2007) argued that the finding of low connectivity having higher rates of critical lure memory is consistent with a specific associative-activation theory of memory (Nelson et al., 1992). Associative-Activation Theory argues that activation of a word increases the likelihood of the word being recalled. Additionally, recall of a list item can cue other list items because of their semantic relatedness. Therefore, high connectivity lists result in greater recall of targets (true memory). However, because high connectivity lists increase the likelihood that recall of one target on the list will cue another target, this decreases the likelihood that the recalled word will cue the critical lure. This is due to the increasing competition of the strong associates that were presented at study. Critical lures would be more likely to be cued through recall where competition from targets is lower, as is the case with low connectivity lists (Goh and Khoo, 2007). Although there were only two studies which examined connectivity strength and delay specifically, the findings are more consistent with Associative-Activation Theory than Fuzzy Trace Theory. Future research on list connectivity across longer delays could provide important insight about the trajectory of targets and critical lures.

In sum, results which show a rapid decrease in target memory and stability or delayed inflation for false memory for critical lures are consistent with Fuzzy Trace Theory. Fuzzy Trace Theory predicts that the verbatim trace, or memory for the presented targets at study, will fade rapidly; conversely, gist, or memory for critical lures, will persist across a delay. This has been shown with studies using recall and recognition. These results, however, may also be consistent with Associative-Activation Theory. This might be particularly true with lists that have a strong backward association strength or high connectivity between the critical lure and the targets. This could result in the critical lure being repeatedly activated to the point where the association is stronger than that of a target that appeared once during study. Studies which show that critical lures are more likely to be judged as remembered rather than known across a delay are consistent with Fuzzy Trace Theory but could also be consistent with Associative-Activation Theory for the same reason described above. Research which shows the rapid generation of critical lure memory may not be consistent with Fuzzy Trace Theory. Reporting of critical lures, or the gist, would not be expected within seconds because the verbatim traces should be available. Finally, research examining the connectivity between items provides insight into the persistence of target and critical lure memory. While strong connectivity between the critical lures and the targets promotes increased false memory for critical lures, strong inter-item connectivity results in decreased memory for critical lures. This has been argued to be inconsistent with Fuzzy Trace Theory; strong inter-item connectivity in theory should promote gist formation, thereby increasing false memory for the critical lure.



Future Directions

The DRM effect is robust. It is likely because of this that many studies examining interactions do not report the effects on the foils relative to the critical lures. Reporting effects on foils across delay would strengthen the conclusions of the findings and potentially provide useful insight into the mechanisms underlying the DRM. Future research might meta-analyze the effect of delay on targets, critical lures, and foils in the DRM paradigm. Such a study would require authors of original research papers to re-analyze their foil data and then provide their results for the meta-analysis, which is a big ask. Future research could use artificial networks without pre-existing associations, or ones that are seemingly random, to test predictions made by Fuzzy Trace Theory and Associative-Activation Theory. If individuals can be taught, implicitly, to associate non-words to the point where false memories are formed, then this might support Associative-Activation Theory rather than Fuzzy Trace Theory. The key would be to eliminate pre-existing relatedness, and to ensure that individuals were not developing meaning for the associations. Research looking at the effects of distraction on false memory is fascinating, particularly the developmental differences that emerged; distraction was shown to reduce false memory in young children but not adults. Given that spread of activation also occurs at the retrieval phase, future research might consider using a divided-attention task during the retrieval phase of the DRM. Finally, research looking at the connectivity between all items in the paradigm will be useful. If the persistence of false memory after a delay is due to spread of activation, then even subtle activity which serves to activate the critical lure during retrieval (e.g., which item individuals recall first), needs to be examined.




CONCLUSION

We conducted our systemic review to answer a broad research question: What is the persistence of false memory for a specific item in the DRM paradigm? To help answer this question we had two research objectives: (1) to examine the trajectory of target memory and false memory for critical lures and (2) to examine whether memory for targets exceeded false memory for critical lures. With respect to (1), the bulk of studies show immediate decreases in target or true memories. The trajectory of critical lures or false memories yields mixed findings, likely due to methodological variation across studies. With respect to (2), the bulk of studies show that across delays of up to 2 months, critical lure memories may be higher than target memories. Despite inconsistent findings, there is enough evidence to conclude that target (true) and critical lure (false) memories behave differently across delay. This pattern is consistent with the Fuzzy Trace Theory prediction that gist processes are more resistant to decay than verbatim memory traces. The pattern is also potentially consistent with Associative-Activation Theory, especially in instances of high association strength. Future research should continue to examine the effect of connectivity on the trajectory of targets and critical lures. A deeper understanding of how remembering specific items serves to cue or inhibit other items in the DRM paradigm will further our understanding of the persistence of false memories in the DRM.
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The DRM (Deese–Roediger–McDermott) paradigm produces robust false memories of non-presented critical words. After studying a thematic word list (e.g., bed, rest, and pillow) participants falsely remember the critical item “sleep.” We report two false memory experiments. Study One introduces a novel use of the lexical decision task (LDT) to prime critical words. Participants see two letter-strings and make timed responses indicating whether they are both words. The word pairs Night-Bed and Dream-Thweeb both prime “sleep” but only one pair contains two words. Our primary purpose is to introduce this new methodology via two pilot experiments. The results, considered preliminary, are promising as they indicate that participants were as likely to recognize critical words (false memories) and presented words (true memories) just as when studying thematic lists. Study Two actually employs the standard DRM lists so that semantic priming is in play there as well. The second study, however, uses functional near-infrared spectroscopy (fNIRS) to measure activity in the prefrontal cortex during a DRM task which includes a deception phase where participants intentionally lie about critical lures. False and true memories occurred at high levels and activated many of the same brain regions but, compared to true memories, cortical activity was higher for false memories and lies. Accuracy findings are accompanied by confidence and reaction time results. Both investigations suggest that it is difficult to distinguish accurate from inaccurate memories. We explain results in terms of activation-monitoring theory and Fuzzy Trace Theory. We provide real world implications and suggest extending the present research to varying age groups and special populations. A nagging question has not been satisfactorily answered: Could neural pathways exist that signal the presence of false memories and lies? Answering this question will require imaging experiments that focus on regions of distinction such as the anterior prefrontal cortex.

Keywords: DRM paradigm, lexical decision task, fNIRS, deception, fuzzy trace theory, activation-monitoring theory, spreading activation, cognitive neuroscience


INTRODUCTION AND HISTORICAL BACKDROP

It is well known that accurate remembering may fall under the influence of errors of omission and/or of commission. Nevertheless, memory generally serves us quite well, even with gaps in recounting an event. Gap-related failures due to errors of omission are often attributed to forgetting, a natural feature of cognitive functioning.

Our focus, however, is on errors of commission that typify faulty remembrances. These flaws in remembering have come to be known as false memories. They occur when we remember events in a distorted manner or come to have memories for events that never happened. The term “false memory” appeared in the early 1990s in the eyewitness memory literature (Loftus, 1993) and with Peter and Pamela Freyd’s founding of the False Memory Syndrome Foundation in 1992. The term’s acceptance solidified shortly after the publication of the seminal article by Roediger and McDermott (1995). While “false memory” has become an umbrella encompassing many forms of deficits and alterations of human memory, the psychological literature addressing the frailties of memory stretches back well over a 100 years (Ebbinghaus, 1885; Munsterberg, 1908). Explanations for how and why false memories occur emphasize the role of reconstructive processes in retrieval (see Bartlett, 1932 for cogent, early arguments). Roediger and McDermott (1995) went a step further: They made the case that all remembering, accurate or not, depends on reconstruction.

Inaccurate memories share a common trait in that they contain at least slivers of truth. Even our strongest true memories, however, have false components – as is the case in flashbulb memories (Hornstein et al., 2003), This overlapping characteristic is consistent with the notion that illusory memories, though errant, maintain some aspects of real experiences, often sharing central features of meaning as in recalling “hurt on a school playground” rather than “hurt in a city park” (see Brainerd et al., 2008 for similar arguments).

Many factors contribute to the difficulty in distinguishing true recollections from false ones (Marche et al., 2010). Further blurring the distinction is that illusory memories are highly believed, often at levels comparable to true memories (Toglia et al., 1999; Shaw, 2020).

The concept of belief raises another form of factual inaccuracy – the deliberate inaccuracy when someone knowingly lies. False memories in most instances are not, and should not, be equated with lies (Ceci et al., 1987; Loftus, 2005). Yet some similarities are evident: Liars bolster believability by inserting some degree of truth into an overall false narrative or by embedding false information in a generally true narrative. In fact, these “half-truths”, if believed, might serve as a lynchpin for the creation of a false memory (Otgaar and Baker, 2018). Empirical and theoretical studies of accuracy, inaccuracy, and deception, across many subfields of psychology as well as forensic science and neuroscience, are important because false memories and lies are common in daily life. Regarding the latter, intent is involved in fibs, white lies, and whoppers. False memories are not considered intentional (but see our Study 2 reported later). They take shape from misinformation or from misremembering. Specifically, some real-life illusory recollections form from a blend of unintentional or purposeful misinformation, and/or from schematic knowledge represented in conceptual networks in semantic memory. These inaccurate additions to long-term declarative memory are pervasive in real-world settings. Significantly, research shows false memories to be long lasting under experimental conditions (Toglia et al., 1999; Seamon et al., 2002; Brainerd and Reyna, 2005).


The Deese–Roediger–McDermott Illusion

The DRM paradigm (Deese, 1959; Roediger and McDermott, 1995) involves standard verbal learning of lists of semantically related words. This paradigm and variants have been the foundation of thousands of false memory experiments, including the studies we report in this article. Kirkpatrick (1894) conducted and reported a DRM-like experiment generally regarded as the first false memory study. Her participants studied several groups of verbal items, each containing thematic connections. Their recall protocols revealed intrusions of words associated with the study lists. In her discussion section she wrote:

There were some incidental cases of false recall. About a week before… I had said ten words to the students. Many of these were evoked and placed on the lists as if they were part of it. Again, it seems that when words such as “roll,” “thimble,” and “knife” were pronounced, many students thought of “thread,” “needle,” and “fork,” which are so often associated with them. The result was that many of these words were evoked as belonging to the list. This is an excellent illustration of how things suggested to a person during an experience can be honestly reported by that person as part of that experience. (pp. 608, 609).

Note that Kirkpatrick mentions “incidental cases of false recall” and that suggestions during an experience “can be honestly reported by that person as part of that experience.” These quotes comport with our earlier comments that false recollections are not viewed as intentional nor considered lies.

One hundred years after Kirkpatrick’s study, Roediger and McDermott (1995) revived Deese’s (1959) associative memory procedure used effectively, primarily in the laboratory, for more than 25 years, to investigate an array of false memory phenomena. In a typical DRM study participants study lists of words. Each list consists of semantically related items, some more than others, that converge upon a critical item (often referred to as a “critical lure”) that does not appear during study. For instance, consider chair as the critical missing item for this list: table, sit, legs, couch, desk, recliner, sofa, wood, cushion, swivel, stool, sitting, rocking, and bench. List presentation sometimes precedes a brief delay to buffer the effects of short-term memory. Then participants have to recall or recognize as many of the presented words as they can and in doing so, they often “remember” the critical item as part of the study list. False recall usually occurs 50% of the time, while false recognition of critical items occurs at rates that approach 80%. These false memory effects are sometimes referred to in the literature as the “DRM illusion.” Thus, illusory memories are very compelling, so much so that their rate of occurrence very often exceeds levels of accurate (true) memory (Toglia et al., 1999; Brainerd and Reyna, 2005; Bui et al., 2013; Pimentel and Albuquerque, 2013).

Beyond their frequency, other findings speak to the phenomenological experience of false memories. For example, participants typically express very high confidence in memories that are inaccurate (Roediger and McDermott, 1995). In addition to measuring belief in their recall or recognition of words, in some experiments, participants categorize their memories with either a “remember” judgment (a detailed, vivid independent recollection), a “know” judgment (a general sense of familiarity without any independent recollection), or a “guess” judgment. Participants often claim they “remember” critical lures as frequently as the studied words. Thus, false memories are very robust. This alarming conclusion prompted researchers to examine ways to potentially diminish the creation and occurrence of false memories.

Experimental approaches to reduce the DRM illusion include warning participants about the thematic nature of the lists to be studied by providing them with sample lists and their critical lures. These explicit examples are given to make the point that the experimenter is trying to trick participants to remember non-presented words and to urge them not to fall into this trap. These “warning” studies report mixed results, yet generally show warnings often fail to reduce the DRM illusion (Neuschatz et al., 2001).



Why the Deese–Roediger–McDermott Paradigm

The DRM approach to the study of false memory has dominated this literature over the last two decades. An easily conducted experimental procedure, it yields impressive levels of illusory memory which is at the root of this dominance. Arguably the results have wide ranging applications beyond word lists (Brainerd and Reyna, 2002). For purposes of this article, these include implications for false memory in legal contexts. Such implications have met skepticism based on ecological validity. This is a fair point. We ask readers to refrain from judging the degree of external validity until we have advanced our concluding remarks.

For the moment, consider that forensic interviewers might introduce thematically related words and phrases weaved throughout the questioning. The related material could converge on topics that can lead an interviewee to provide false memories as answers. Similarly, police frequently use aggressive methods (the Reid Technique), combined with establishing an accusatory atmosphere when interrogating suspects who they presume guilty (Kassin and Kiechel, 1996; Kassin and Gudjonsson, 2004).

When the investigating detective’s goal is to force a confession, the detective might make repeated accusations of guilt, infuse misleading information and lies, and discuss criminal themes. In the most extreme form of forced confessions known as internalized false confessions (Kassin and Wrightsman, 1985; Kassin, 2008) the innocent suspect comes to believe in his or her guilt substantiated by new, confabulated, memories that are false.

While this chapter focuses on falsely recalled and/or recognized words, in terms of generalizability the literature is replete with DRM-consistent memory results observed across a wide range of stimulus materials. These include memory for pictures (Israel and Schacter, 1997; Kouststaal et al., 2003; Foley and Foy, 2008), memory for sentences (Bransford and Franks, 1971; Bransford et al., 1972; Matzen and Benjamin, 2013), memory for text (Bower et al., 1979; Reyna and Kiernan, 1994), remembering pragmatic inferences (Brewer, 1977; Barclay et al., 1984), and remembering scenes (Dechterenko et al., 2021). Consistent results also occur in naturalistic contexts, as in memory for the contents of a graduate student’s office (Brewer and Treyens, 1981) and memory for a professor’s lecture and behaviors during its delivery (Neuschatz et al., 2002). Accompanying these many forms of behavioral data establishing the pervasive occurrence of false memories, is an ever-increasing literature that addresses the neural correlates of false memory. Expansive meta-analyses of dozens of fMRI studies have implicated several regions of the frontal, temporal, and parietal cortices in the encoding and retrieval phases of false memory, with the superior prefrontal gyrus being most significant (Kurkela and Dennis, 2016; Yu et al., 2019).

These materials and contexts, as well as behavioral and neurophysiological investigations, clearly involve a variety of paradigms that all rely on semantic bases in fomenting false memories. The semantic/thematic nature of experimental materials, even though they may vary widely, permit theories to account for most effects across these stimulus materials.



Theoretical Explanations of False Memory Effects

Any adequate theory of memory must account for both true and false memories. We now outline two theories that satisfy this requirement.

We begin with Activation-Monitoring Theory (AMT), a dual-process theory. Here the processes are cognitive operations, activation and monitoring. Activation primarily happens at encoding. Monitoring is largely a retrieval process, though both can operate at encoding and retrieval (Roediger et al., 2001). The term “activation” is from spreading activation theory which represents concepts and their properties in associative networks (e.g., Collins and Loftus, 1975). Items in long-term memory are interconnected nodes throughout the network, an extensive web-like structure. Connections between two concepts vary in their “semantic distance,” determined by the strength of the connection. Strongly related terms (e.g., chair-table) are separated by short semantic distances, while weaker-bonded items (e.g., chair-bench) are linked at longer distances. We use here the examples from the DRM list mentioned earlier to facilitate the discussion of activation as it applies to an encoding phase in a false memory experiment. According to AMT, as the participant hears a list, he or she encodes each word into a network node and activation spreads to connected words; stronger connections enjoy greater activation. Many of the presented words receive substantial activation, repeatedly so, and this supports true memory. Critical lures, however, also receive repeated activation from the semantically-related, presented list items. At retrieval participants engage in the second activity of the dual processes, monitoring, which involves editing of whether or not to commit to recalling or recognizing a word. Highly activated items, the presented words and critical lures, are likely to cross the decision threshold (i.e., the “criterion” in recognition memory models) for output at test.

Another approach to understanding the DRM illusion is Fuzzy Trace Theory (FTT) advanced by Reyna and Brainerd (1995). They proposed that stimuli are encoded in two independent ways. FTT is thus a dual-process theory. Unlike AMT, its processes target the development, independently, of two types of memory traces. One involves verbatim encoding, producing a trace of exact, detailed information as in the list words. The other involves coding for gist, creating a trace of general characteristics, like the list words relating to a theme (e.g., chair). Both verbatim and gist representations contribute to high levels of true memory. For illusory memory, the focus is on gist processing. Participants frequently falsely recall/recognize “chair” as a list item. They cannot possibly access a verbatim trace of “chair” because it was not presented. They can, however, rely on a strong gist trace because “chair” is the best descriptor of the theme of the studied list.

We now present two pilot studies, collectively referred to as Study 1. We begin with a lexical decision task investigation, involving a student project and a follow-up experiment, the second author designed with spreading activation/AMT in mind.




STUDY 1


Introduction

Introduced by Meyer and Schvaneveldt (1971), the lexical decision task (LDT) has seen wide usage in the study of semantic priming processes in neurotypical populations of all ages (see Plaut and Booth, 2000 for theoretical arguments), in individuals with linguistic deficits (e.g., aphasia, Miberg and Blumstein, 1981; dyslexia, Martens and de Jong, 2006), and with memory impairments (e.g., Alzheimer’s disease, Ober and Shenaut, 1988). In one version of Meyer and Schvaneveldt’s (1971) procedure, the participant sees two letter-strings on each trial, one above the other. The task is to press one button if both letter-strings are words, and another if at least one-letter string is not a word. The two strings remain visible until the response, and the dependent variable is the time between the beginning of the trial and the participant’s response. One typical result is that participants correctly respond faster when the two letter-strings are semantically related words than when they are semantically unrelated words. This is consistent with spreading activation theory (Collins and Loftus, 1975).

We used this two-word procedure to fully leverage the potent priming effects of DRM list words. The DRM procedure in this study appears in a novel way: Instead of using the LDT in its standard method as an assessment for false recognition, the LDT was the semantic priming stimulus for subsequent false recognition. The words in the LDT came from DRM lists. A recognition test followed each LDT block. The test contained the critical lures from the DRM word lists primed in the preceding LDT trials. For example, an LDT trial could present two words from the same DRM list (e.g., “night” and “bed” from the sleep list), two words from different DRM lists (“night” and “butter” from the bread list), a word and a non-word, or two non-words. Figure 1 shows examples.
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FIGURE 1. Examples of the two-item trial types during the LDT phase (Top) and the recognition memory test (Lower). Error bars show standard errors. Participants completed the LDT encoding phase involving two-item letter strings composed of words from six DRM lists and/or non-words, followed by a recognition testing phase. Accuracy and reaction time (RT) were recorded.


Our long-term goal is to understand behavioral and neurophysiological underpinnings of false recognition by utilizing this novel behavioral approach as well as a neurophysiological approach that leverages functional near-infrared spectroscopy (fNIRS, described in Study 2) concurrent with the LDT trials and recognition trials.

The present report only addresses a short-term objective achieved by implementing the behavioral approach in a classroom experiment and in a small follow-up experiment. In doing so we accomplish the overarching objective of introducing this new and novel paradigm, consistent with the purpose of the volume in which the present article appears. We predicted that semantic priming stemming from LDT trials would successfully produce false memories on a subsequent old/new recognition test.

At this juncture, we have not gathered data for the neurophysiological approach, which will involve an already-designed separate fNIRS study. Ultimately, this subsequent fNIRS experiment will include an LDT paradigm similar to the behavioral work presented here. Results in the literature that delineate neural correlates of true versus false recognition are incomplete, as we will describe when we present Study 2. Therefore, when we launch an fNIRS experiment involving LDT we will focus on determining cortical activation patterns that reflect similarities and differences between true and false recognition when they are based on priming that occurs on LDT trials. What might we find in an LDT investigation that includes an examination of neural correlates? We can glean clues from the brain imaging experiment we report later. In this second experiment we used a relatively new brain imaging technique, functional near-infrared spectroscopy fNIRS). We measured activity in the prefrontal cortex in an attempt to dissociate false recognition memories from true recognition.



Method


Student Project

In an initial evaluation of the LDT-priming method, eight college students (five female and three male; mean age = 21.14) participated in three blocks of LDTs with a recognition block after each LDT block. This was part of a classroom project. The procedural details we describe are complemented by Figure 1. Each participant worked at a Dell 780 Optiplex computer equipped with a standard keyboard, monitor, and mouse. Each computer ran under Windows 7. The experiment ran in a program called PEAK which presented the stimuli and recorded the responses and response times. Words for the LDT came from DRM lists.

We randomly chose six categories, referred to by critical lures for six DRM list themes for the classroom experiment (anger, sleep, cold, girl, thief, and chair), two categories for each LDT block. Each category had a critical lure. Two critical lures appeared in each block of the recognition task.

Each participant sat approximately two feet away from his or her monitor with fingers resting on the “1” and “2” keys of the keyboard. The experiment consisted of six blocks. Blocks one, three, and five presented the lexical decision task, blocks two, four, and six presented the recognition task.

A fixation point appeared in the center of the screen. The participant pressed the spacebar to initiate a trial. On each LDT trial, two letter-strings appeared, one above the fixation point, one below. Each pair consisted of either two related words (W-RW), two unrelated words (W-URW), a word above a non-word (W-NW), a non-word above a word (NW-W), or two non-words (NW-NW). The task was to push the “1”-key if both were words, or the “2”-key otherwise. The dependent variable was the time from the appearance of the pair until the button-push.

On each recognition trial, a word appeared in the center of the screen. Each word either occurred in the preceding LDT block or it did not. Of the words that did not, two were critical lures. The task was to push the “1”-key if the word appeared in the preceding LDT block, or the “2”-key if it did not. The dependent variables measured during the memory test were (a) the time from the appearance of the word until the button-push and (b) accuracy.

Each participant completed three LDT blocks. Each LDT block consisted of 25 trials and preceded a recognition block consisting of 20 trials. Within each block, each stimulus appeared in a different random order for each participant.



Follow-Up Experiment

Though testing only six participants (four female and two male; mean age = 21.63), the follow-up experiment to the student laboratory project expanded the scope to include 12 DRM lists across six separate LDT blocks. The follow-up doubled the number priming lists, and differed from the lab study by including new test words not thematically related to the 12 DRM lists and did not measure RT. Thus, the follow-up experiment is not strictly a replication and for this reason we could not pool the data from these two pilot efforts. For each LDT block in the second pilot study, pairs of items were (a) words from the top 12 associates in each of two ordered DRM lists (e.g., “sleep” and “rough” lists), (b) 18 non-words of similar length, and (c) six words from unpresented DRM lists that were unrelated to either presented list.

More specifically, the six unrelated items were from six DRM lists which were not associated with any items on the subsequent recognition test. These formed 24 pairs of items: three DRM word-pairs from each list (e.g., “bed” and “rest” as a pair; six pairs total), three DRM list words from each list paired with non-words (six pairs total), three DRM list words from each list paired with unrelated words (six total), and six non-word pairs. Similar to the classroom study, participants judged whether or not the pair of items were both words, by responding yes or no, respectively.

The pairs resulted in 12 yes items and 12 no items if answered correctly, although correct responding was not recorded for the LDT encoding phase. Incorrect decisions are rare, and even the occurrence of a few mistakes would likely not interfere with exposure to the sources of priming which was the overarching purpose.

Each corresponding recognition block consisted of 24 words (presented individually). The task was to decide if each word appeared in the preceding LDT block, the same procedure when asking for old/new recognition judgments.

For each of the six recognition blocks, we randomly selected six of the 12 associates from each DRM list (“targets”), the critical item from each of the two lists (“critical lures”), two non-presented items from positions 13–15 of each of the two presented lists (“low associates” from the sleep/rough etc. lists), two critical lures from non-presented DRM lists (“pseudo critical lures”), and two low associates from positions 13–15 of each of two non-presented DRM lists (“pseudo low associates”). This resulted in 12 items that previously appeared and 12 that did not. During the recognition block, the dependent variable was accuracy: RT was not part of the follow-up, which we designed primarily to further pilot procedural details, while still allowing general comparisons with the laboratory project.




Results

Given the small sample sizes in both the project and subsequent experiment, we only report descriptive (means) information which we believe speaks for itself. These are preliminary findings and are to be interpreted with care as we have not fully tested this new paradigm and its efficacy. Again, we are introducing this paradigm into the LDT and false memory literatures. For the student project, Figure 2 shows reaction time values for the five different types of LDT encoding trials. As expected, the NW-NW combination was associated with the fastest times. Turning to testing, results indicated that participants were almost six times as likely to falsely recognize a critical lure than an unrelated lure (0.69 vs. 0.12). Regarding correct recognition of target words, participants were highly accurate with performance near ceiling. Unlike many studies in the literature, correct recognition exceeded false recognition rather than the opposite outcome.
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FIGURE 2. Mean correct RT as a function of string type. String types abbreviated here are identified in the top panel of Figure 1.


Seven of the eight participants averaged 255 ms faster responses to falsely recognize a critical lure than to falsely recognize an unrelated lure (695 ms vs. 950 ms). Correctly classifying a critical lure took 373 ms longer (1,183 ms) than correctly classifying an unrelated lure (810 ms), which was about the same decision time for correctly responding to target words.

As noted, accuracy was the only dependent variable for the follow-up experiment. The proportion correct recognition for target words was 0.60, while false memory of critical lures occurred at a 0.50 rate. As in the student project, true memory exceeded false memory. Low associates from presented DRM lists were falsely recognized at a proportion of 0.22.

Pseudo test items were either “critical lures” (PCLs) or “low associates” (PLAs) selected from non-presented DRM lists. The PCLs can be equated with unrelated lures in the student study and novel lures in the fNIRS experiment reported in the next section. The proportion of errors, yes responses to PCLs was 0.13, while for PLAs participants chose yes at an errant proportion of 0.27. Critical lure illusory memory, as expected, exceeded all other forms of false recognition.



Discussion

These studies support, we believe, the idea that the LDT/Recognition paradigm presented here is a unique way of studying both the processes involved in false memory and those involved in lexical decision making. Given that these are pilots, we caution that the implications of the findings are preliminary. Yet the results are promising as our LDT procedure does prime false memory, and the extent of false memory observed is an indicator, we argue, of spreading activation that occurs during the LDT trials. In AMT terms, the LDT priming is sufficiently robust as it thwarts monitoring required to prevent creating significant amounts of illusory memories. This account does not rule out a Fuzzy Trace Theory explanation. Priming based on verbatim processes per FTT produced very good true memory. Gist processes also aided accuracy while instilling themes supporting critical lure and low associate lure false memories. Low associates were falsely recognized far less often than critical words. This finding is predicted by FTT because these associates are much less gist consistent than critical lures that are the best exemplars of the DRM themes. Note that AMT expects this outcome as well because the critical lures are semantically linked to DRM list words more closely than are low associates. These accuracy/inaccuracy arguments are further supported by our response speed findings to which we now turn.

The fastest response times in the student project occurred on trials where both strings were non-words as participants quickly confirm neither item points to an entry in semantic memory. This is a common outcome (Meyer and Schvaneveldt, 1971). Critical lures are likely to be strongly activated due to their close links to target words compared to more semantically distant links with unrelated lures. AMT is consistent with quicker false affirmation responses to critical than to unrelated lures. Similarly, FTT predicts this pattern – during LDT trials durable theme-consistent traces of critical words are developed via repeated cueing of gist, while unrelated lures at test are generally gist-inconsistent.

This paradigm adds the dimension of individual differences analysis. Although only a small sample participated in the student laboratory project at least one interesting non-typical pattern emerged. In the Section “Results,” we mentioned for the lab project that 7 of the 8 participants falsely recognized a critical lure faster than an unrelated lure. The eighth participant also showed an atypical result in the LDT, correctly responding faster to W-UW pairs than to W-RW pairs. We note this case, not to speculate on its theoretical significance, but to express a caution. Specifically, rather than search for a one-size-fits-all theory, we should perhaps focus on the particular processes that individuals use. We further mention individual differences in the General Discussion section.




STUDY 2


Introduction

To elucidate the neural distinctions between real (true) memories, false memories, and lies, researchers have used various methods and experimental paradigms. Different but overlapping bilateral regions of the brain have been implicated in each of these processes, with the prefrontal cortex playing a major role in all three.

True memories activate several regions of the prefrontal cortex depending on the type of task and the material being encoded, with greater levels of activation predicting a higher likelihood of retrieval success (for review see Fletcher and Henson, 2001; for meta-analyses see Davachi et al., 2001; Barde and Thompson-Schill, 2002; Wager and Smith, 2003). False memories activate many of the same prefrontal areas that true memories do: This might reflect this region’s involvement in monitoring, verifying, and reporting retrieved information (for meta-analysis see Kurkela and Dennis, 2016). Lying is an effortful and elaborative process that requires integrating information in working memory, inhibiting one’s own behavior, and monitoring others’ behavior, so it is not surprising that it requires even more prefrontal resources than truth-telling and false memories (for meta-analysis see Yu et al., 2019).

For all three processes researchers report that the specific frontal areas activated depends on the methodologies used and task-related factors such as the procedure, the stimuli used, the participants’ goals and intentions, and the social context (Fletcher and Henson, 2001; Barde and Thompson-Schill, 2002; Wager and Smith, 2003; Kurkela and Dennis, 2016; Yu et al., 2019; Pinti et al., 2021). Due to these variations in methodology, as well as the small sample sizes common in brain imaging studies, the specific role of particular frontal areas in memory processes is still unclear.


Functional Near-Infrared Spectroscopy

Functional near-infrared spectroscopy is a relatively new brain imaging technique that allows researchers to study memory processes in the cortex. Light emitting diodes (LEDs) placed on the scalp safely emit two wavelengths of infrared light that hemoglobin in the blood absorbs. Detectors measure the light that is refracted and the modified Beer-Lambert law enables us to quantify the level of blood oxygenation. Like the blood-oxygen-level-dependent (BOLD) response in fMRI, blood oxygenation in fNIRS is a measure of cortical activation. fNIRS has the advantage of being inexpensive, portable, not requiring participants to lay prone and still, and not requiring that trials be presented in blocks. Importantly, fNIRS has higher temporal resolution, but lower spatial resolution, than fMRI (Ferrari and Quaresima, 2012). Numerous studies, including those involving true memories, false memories, and deception, have validated fNIRS results by comparing them to those obtained with fMRI (Tian et al., 2009; Ding et al., 2013, 2014; Bhutta et al., 2015; Li et al., 2018; Pinti et al., 2021).

We used fNIRS to measure prefrontal cortical responses in a DRM false memory paradigm. Our experimental design concisely evaluates true memories, false memories, and lying in a single within-participants study. To our knowledge, only one other study, Abe et al. (2008) published more than 10 years ago, has compared all three in a single investigation.




Method

The sample was 33 college students, 28 females and 5 males, with an average age of 21.79 ± 4.46 years old. A majority of the participants were right-handed (n = 30) and white (n = 19). Each participant entered the laboratory individually. We used the NIRScout continuous-wave fNIRS system from NIRx Medical Technologies (Berlin, Germany) to measure blood oxygenation levels in the entire prefrontal cortex. We did this with a 38-channel prefrontal montage containing 16 two-wavelength (760 and 850 nm) LED sources and 12 avalanche photodiode detectors set 3 cm apart on the scalp. The step frequency of NIRScout is 62.5 Hz, thus the time-multiplexed sampling rate of each of our channels is 3.91 Hz. To record the raw data we used the NIRx NIRStar acquisition software (version 15.2 NIRx Medical Technologies LLC, Berlin, Germany) which detects refracted light from the sources and calculates oxyhemoglobin levels for each channel in the montage. This allowed us to compare relative levels of brain activity in each prefrontal region.

Inquisit presentation software (Inquisit 5, 2016) auditorily presented DRM lists. The participant heard each word once with a 1 s delay between consecutive words. We selected the lists from a study by Stadler et al. (1999) who evaluated 36 lists for their level of identifiability. To determine if identifiability (i.e., how easily a person can detect the critical lure) was similar across phases of the study, we evaluated the backward association strength (BAS; how strongly associated the critical lure is to the list words) using normed mean BAS scores from Roediger et al. (2001). The average BAS scores (phase 1 studied words = 0.216, phase 2 studied words = 0.167, and novel non-studied words = 0.178) are fairly consistent across conditions, indicating a similar level of free recall association between the critical lure words and the list words.

In the first phase of the experiment, participants heard eight DRM lists in a randomized order, each containing fifteen words presented in the standard manner of descending order of association to the non-presented critical lure. Examples of the lists are shown in Table 1.


TABLE 1. Sample DRM lists with critical lures typed in bold and underlined.
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After hearing all eight lists, the participants performed a visual recognition task in which they had to decide if a test item was an old word (i.e., presented on the previous lists) or a new word (i.e., had not been heard previously). The recognition task consisted of 56 trials which included 24 words from the DRM lists (3 from each list; positions 1, 5, and 11), the critical lure words from all eight lists, and 24 words that were novel with low association with the DRM lists. Participants saw each word one at a time with options, labeled on the screen, to press “Z” to indicate the word was old and “/” to indicate the word was new. Words appeared on a white background in black print in the center of the screen. Each word remained onscreen until selection, and we recorded the decision time. Following the selection, a blank screen appeared for 5 s so that we could continue to measure the hemodynamic response. Next, participants saw a confidence rating scale which asked them to rate their level of confidence for each of their old/new choices. The scale appeared in increments of five and ranged from not at all confident (0) to very confident (100). We averaged each trial confidence score across all forms of correct and incorrect recognition. The next trial began 500 ms later.

After the first phase was complete, we explained the nature of DRM lists and their corresponding critical lures to participants. Next, in the 15-item word lists but before each, we informed them of the critical lure word that was not on the list. They were instructed to recognize the critical lure as an old word on the memory test during the deception phase, despite knowing it was not on the list. Seven trials immediately followed each of the eight lists and included three words from the list, three novel words, and the critical lure. Participants again had to determine if these words were “old” or “new” by selecting the “Z’ or “/” key and then rate their confidence on a 0–100 scale.

Finally, participants answered a brief demographic questionnaire and completed an 18-question Need for Cognition scale (Cacioppo and Petty, 1982). Individuals who have a higher need for cognition tend to commit more false memories than individuals with a lower need for cognition (Graham, 2007; Leding, 2011).

Before calculating oxyhemoglobin levels, we preprocessed each participant’s raw optical data. To do this, we used NIRx nirsLAB software (version 2019.04, NIRx Medical Technologies, LLC, Brooklyn, NY, United States). To check the data’s signal-to-noise ratio, we used a coefficient of variance filter of 7.5%. We considered any channels that exceeded this threshold as noisy and excluded them from the data. We used a band pass filter (0.01–0.2 Hz) to filter the data and capture the effects of our experimental paradigm. This reduced the effects of physiological noise, such as heart and respiration rates.

Finally, we used the modified Beer-Lambert Law to calculate oxyhemoglobin levels. The refraction path of infrared light is affected by its travel through bone and tissue, and the thickness and density of these differs with age. Accordingly, we used each participant’s age to set the differential path link factor parameter for each wavelength of light, as suggested by Scholkmann and Wolf (2013). This is important because we used the differential path link parameter to calculate oxyhemoglobin levels. We block averaged the resulting oxyhemoglobin levels across memory conditions for each channel for each participant and exported them from nirsLAB to SPSS for statistical analysis. (NIRScout also measures deoxygenated and total hemoglobin levels, but as most of the current fNIRS literature primarily focuses on less-noisy oxyhemoglobin levels, we have done the same). For each phase of the study, we compared cortical activity that occurred 1 s before (as a baseline) to the maximum oxyhemoglobin response occurring within 5 s after each event marker. Thus, for the first and deception phases of the experiment, we examined oxyhemoglobin levels within 5 s after participants were asked to indicate whether a given word was old or new. According to Vega et al. (2016), the hemodynamic response to a participant’s lie or truth occurs during this timeframe.

Because most of our participants had a few noisy channels that we removed from the data, we used the SPSS mixed procedure to estimate a two-factor (6 memory conditions × 6 brain regions) within-subjects ANOVA (Enders, 2010). The memory conditions were Correct Old Memory (correct recollection of words on the DRM lists), Correct New Memory (correct rejection that a new word was not on the lists), Wrong Old (incorrectly stating that a word was not on the list when it was), Wrong New (incorrectly stating that a novel word was on the list when it was not), False Memory (incorrectly stating that a lure word was on a list when it was a new word), and Deception (participant stated the critical lure was on a DRM list after being instructed to do so when it was a new word). We assessed three brain regions of interest separately in the left and right frontal lobes: two channels in each anterior prefrontal cortex (APFC), eight channels in each dorsolateral prefrontal cortex (DLPFC), and five channels in each ventrolateral prefrontal cortex (VLPFC). We measured the peak oxyhemoglobin response for each channel during the 5-s period following each response and, for each region of interest, averaged their channels’ peak responses. Data for Correct New Memories, Correct Old Memories, Wrong New Memories, Wrong Old Memories, and False Memories were each pooled across the recognition and deception phases. Paired-sample t-tests assessed specific differences in memory conditions in each region of interest. To correct for multiple pairwise comparisons, we excluded those that did not meet a threshold of p ≤ 0.01.



Results


Behavioral Factors

We evaluated and compared reaction time, confidence, false memory, true memory, and correct rejection rates, as well as need for cognition. Average response time across participants was 7.33 s (SD = 0.38) during the course of the experiment. All participants had at least one false memory, with an average of 6 (79.74%). Participants on average correctly responded to 16.69 studied words, true memory (69.54%), and 19.24 non-studied, novel words by selecting “new” (80.17%; thus, only about a 20% false recognition rate for novel items). Participants on average correctly responded to 6.21 deception words (77.65%). The frequency of false memories was positively correlated with the number of true memories [r(29) = 0.55, p = 0.002]. Rates of false memories of critical lures and misremembering novel words were consistent with previous literature (Toglia et al., 1999; Prohaska et al., 2016).

Participants’ average confidence on responses was 66.92 (SD = 13.11). A paired samples t-test revealed no significant difference between true memory confidence (M = 68.55, SD = 13.63) and false memory confidence (M = 73.46, SD = 15.66). The number of false memories (M = 6.37, SD = 1.84) was positively correlated with confidence [r(31) = 0.49, p < 0.001] while we found no relationship between the number of true memory or correct rejections and confidence. Additionally, the number of novel words reported as old (M = 5.61, SD = 4.98) was positively correlated to confidence as well [r(31) = 0.44, p = 0.019]. Notice that accuracy was not associated with confidence, while inaccuracy was positively related to confidence consistent with the general conclusion in the literature that confidence in memory does not guarantee its accuracy.

The number of false memories was negatively related to false memory reaction time (M = 7.58, SD = 0.77), meaning that the more false memories a participant had, the faster their response when committing a false memory of critical lures [r(31) = −0.39, p = 0.02]. This pattern did not occur for false memories of novel words. We found no difference between response time for correct rejections or true memories compared to false memory responses but participants took significantly longer to respond when committing a false memory compared to when telling an intentional lie (M = 7.01 ms, SD = 0.85), [t(29) = −3.77, p < 0.001].



Need for Cognition

We evaluated Need for Cognition (Cacioppo and Petty, 1982) by using a mid-point of zero: a positive score indicated a high need for cognition, a negative score indicated a low need for cognition. On the Need for Cognition scale, which ranged from −72 to 72, participants averaged 24.34. Higher scores were positively correlated with confidence in correct responses to studied words [r(29) = 0.34, p < 0.05], incorrect responses for studied words [r(29f) = 0.39, p < 0.05], and correct responses to non-studied words [r(29) = 0.52, p < 0.005]. Need for Cognition was also positively correlated with the number of correct responses to studied words [r(29) = 0.37, p < 0.05] but was not related to false memory rate, reaction time, nor false memory confidence.


Brain Activation

A repeated measures ANOVA found main effects for brain region [F(5,3278) = 6.03, p < 0.001, f = 0.088] and memory condition [F(5,3265) = 15.16, p < 0.001, f = 0.147] and no omnibus interaction between brain region and memory conditions [F(5,3264) = 0.92, p = 0.58]. The significant pairwise comparisons (p ≤ 0.01) for brain regions and memory conditions appear in Table 2.


TABLE 2. Pairwise comparisons for memory conditions and brain regions of interest.
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True memories (correctly remembering that a word was on a DRM list) produced significantly less activation of prefrontal areas than did Deception, False Memories, Wrong Old memories, and Wrong New memories. Also, incorrectly stating that a new word was on a list (Wrong New) produced more activation than failure to recall that a word was on a list (Wrong Old).

During all our memory conditions, we found significantly more activation in the left dorsolateral prefrontal cortex than the right VLPFC and both left and right APFC. In addition, we measured greater activity in the right DLPFC than both left and right APFC, and greater activity in the left VLPFC compared to right APFC.

Despite lack of a global interaction, pairwise comparisons indicated several significant differences (p ≤ 0.01) between memory conditions in specific prefrontal regions. Table 3 presents these comparisons.


TABLE 3. Significant differences (p ≤ 0.01) between memory conditions in specific prefrontal regions.
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Correct Old memories (“hits” – correct recognition of words presented on the DRM lists) induced greater activation in the left DLPFC than the left APFC, right APFC, right DLPFC, and right VLPFC. Correct Old memories (hits) also produced higher activation in the right DLPFC than right APFC. In both left and right DLPFC, being correct about a critical lure produced more activity than did true memory hits.

Compared to Correct Old memory hits, incorrect memories (Wrong Old “misses” or Wrong New “false alarms”) led to increased activity in left DLPFC, left VLPFC, right DLPFC, right VLPFC, and right APFC. This was especially notable in the right DLPFC where each incorrect memory condition produced greater activity than true memory hits. Wrong Old memories (misses) produced the greatest activity in left and right DLPFC while a pattern was less clear for Wrong New memories (false alarms).

Compared to true memory hits, participants’ False memories led to greater activation in the left DLPFC, the right DLPFC, and the left APFC, and False memories produced greater activity in those three regions than they did in right APFC. Compared to Wrong Old memories (misses; forgetting an old word), false memories induced greater activation in the left APFC and the left VLPFC. Similar to False memories, Deception produced more activation in the left DLPFC and the right DLPFC when compared to hits. Deception produced higher levels of activity in the left DLPFC than right APFC.

We used bivariate correlations to compare confidence scores to oxygenated hemoglobin levels for each condition within each region of interest. Confidence levels were positively correlated with hemoglobin levels in the right VLPFC when participants incorrectly stated that new words were old [Wrong New memories; false alarm, r(29) = 0.46, p = 0.02] and old words were new [Wrong Old memories; miss, r(29) = 0.61, p = 0.001]. For forgotten old words (Wrong Old memories; misses), confidence increased with oxygenated hemoglobin in the left VLPFC [r(29) = 0.38, p = 0.05]. Finally, in the left DLPFC, confidence increased with oxygenated hemoglobin in the False Memory (critical lure) condition [r(29) = 0.38, p = 0.04].





Discussion


True and False Memories

False memory data for critical lures yielded significant behavioral effects and brain activation. Higher rates of false memories correlated with true memories. This pattern is consistent with previous research showing that better recall of list items is associated with more false memories and that this relationship is stronger when word lists are thematically blocked as opposed to randomly ordered (Toglia et al., 1999). According to Fuzzy Trace Theory, a gist understanding of the word lists helps participants recognize previously presented words, but also increases the likelihood of false memories. This pattern is also consistent with Activation-Monitoring Theory which predicts that target words and critical lures are highly and repeatedly activated at encoding and pass a monitoring examination during retrieval. Individuals with better accurate (true) memory and more false memories might pay closer attention to the list presentations, and they might use strategies such as chunking which could make them more likely to misremember semantically related words. We found that participants with higher need for cognition had better recall, further supporting this idea. On the other hand, our participants with high need for cognition did not have more false memories, contrary to prior research (Graham, 2007; Leding, 2011). Those high in need for cognition did, however, have more overall confidence in their ratings regardless of the number of false memories (Kuvaas and Kaufmann, 2004).

Participants with more false memories of critical lures responded faster and were more confident in their responses. The quicker reaction time might indicate more reliance on gist trace memories rather than verbatim memory. Interestingly, response time was not related to novel false memories despite having a similar correlation with confidence. Fuzzy Trace Theory suggests that inhibitory processes repress false memory responses (Reyna and Mills, 2007), thus the faster response time might indicate that these participants are not engaging in as much inhibitory control. Our fNIRS data, however, which indicates more activity in the prefrontal cortex during false memories compared to true memories, does not fit that interpretation. The forensic psychology literature has seen a push to distinguish accuracy from confidence (Busey et al., 2000; Chua et al., 2004; Storbeck and Clore, 2005). Often in the legal setting jurors assume that a person who is confident in their testimony must be correct, but many studies have shown little to no correlation between these constructs, a premise our study supports (Sporer et al., 1995; Ais et al., 2016). Together these results suggest that individuals are more confident despite having greater levels of false memories, which then might lead to them respond more quickly. Thus, neither confidence nor reaction time serve as proxies for accuracy. High confidence scores during false memories fall in line with AMT and the spreading activation theory. As participants encode words they are likely creating associative networks that include the critical lures. This would make it more likely for participants to perceive these lures as target words and do so confidently.

Several areas of the prefrontal cortex were activated during all of our memory conditions but false memories (falsely remembering a critical lure) and, similarly, incorrectly thinking that other new words were old, produced more activity in the prefrontal cortex than did true memories and correct rejections. The prefrontal region most activated by true memories was the left DLPFC while false memories increased hemoglobin levels in both left and right DLPFC. Yu et al. (2019) performed a meta-analysis of 77 fMRI studies and similarly concluded that while false memories recruit several regions of the frontal, parietal, and temporal lobes, the left DLPFC is more activated by false memories than true ones. The DLPFC, especially on the right side, according to some researchers, has been implicated in the appraisal of the value of the memory for current task performance during post-retrieval monitoring (Henson et al., 1999; Achim and Lepage, 2005; Chua et al., 2009; Wang et al., 2016). Increased DLPFC activity might also reflect the monitoring component of AMT as participants evaluate whether a lure was on the list. This would require more cognitive effort and likely some inhibition if their first instinct is to semantically associate the lure word. We also found an increase in activity in the left APFC. Using positron emission tomography (PET) with the DRM paradigm, Schacter et al. (1996) found a similar pattern of activation, and, by measuring increased blood flow in the APFC and PFC, they were able to distinguish false from true memories.

Kurkela and Dennis (2016) meta-analysis also implicated multiple prefrontal regions, mostly medial to those accessible to fNIRS, as well as the bilateral inferior frontal gyri which corresponds to the VLPFC where we found, in the left hemisphere, that false memories elicited more activity than forgetting an old word did. This was unexpected because previous research has implicated the right, not left, VLPFC in evaluating uncertain information for accuracy (Chua et al., 2009; Goel et al., 2009; Ito et al., 2012). Further research is required to untangle this discrepancy.

Because true and false memories tend to mostly activate the same cortical regions (Johnson et al., 1997; Schacter and Addis, 2007; Mitchell and Johnson, 2009; Kurkela and Dennis, 2016; Yu et al., 2019), it is difficult to determine whether there are definitive gist neural pathways or regions that respond specifically to false memory information. Our results are consistent with previous literature and are congruent with both FTT and AMT, but larger imaging studies focusing on areas of distinction such as the anterior prefrontal cortex, are needed to distinguish any subtle differences between these responses.



Deception

Numerous imaging and brain stimulation studies have confirmed that the prefrontal cortex is the generator of lies, whether the lie is simply a response to an instruction by an experimenter or is a spontaneous and deliberate attempt to deceive. Lying involves several cognitive processes that are thought, at least in laboratory situations, to require more mental effort than does telling the truth. A liar must hold remembered information in working memory, consider the consequences of lying vs. truth-telling, suppress the urge to voice the truth, concoct a narrative that is contrary to the truth but still believable, attempt to avoid “tells” by regulating eye movements, facial expressions, and body language, and infer how the lie is being received by the listener (for review see Gombos, 2006).

In our DRM study, compared to true memories, deception produced more activation in prefrontal areas, especially the left and right DLPFC. This conforms with a large meta-analysis of fMRI studies which also found that deception, whether instructed or spontaneous, increased PFC activity, especially in the left and right DLPFC (Yu et al., 2019). fNIRS has yielded similar results (Ding et al., 2013, 2014) and very recently Lin et al. (2021) used fNIRS to measure cortical activity in the DLPFC and the APFC while participants lied while playing a poker game with an opponent. Both prefrontal areas were more active when participants lied versus when they told the truth. Interestingly, Li et al. (2018) used fNIRS to show that the left middle frontal gyrus, which overlaps with the left DLPFC, reacts most strongly to deceptive responses by participants who lie rarely compared to those who lie regularly or to those who tell the truth.

It is notable that all of our memory conditions increased hemoglobin levels in the left DLPFC. Ito et al. (2012) suggest that creating all types of memory and lies are taxing and that the left DLPFC is responsible for preparing us for both truthful and deceptive responses. They used fMRI to measure brain activity while participants prepared to tell the truth or to lie about photographs they had been shown, and then, several seconds later, during the actual lie or truth-telling. The left DLPFC was significantly more active during the preparation phase when participants knew whether they would be asked to tell the truth or to lie compared to trials in which they did not know in advance whether they would be asked to respond with truth or deception. Interestingly, during this preparation phase, the left DLPFC was equally active in both the truth and lie conditions. During the execution phase, however, they found, as we did, that the left DLPFC was more active when participants told a lie than when they told the truth.

These results support cognitive load theories of deception which suggest that executing a lie requires more cognitive resources than truth telling because telling the truth is usually an automatic response while lying involves additional steps such as constructing an alternative response while suppressing possible indicators of deception. These extra steps require the recruitment of additional cognitive resources while the lie is in progress (Zuckerman et al., 1981; Vrij et al., 1996; Walczyk et al., 2003). It is possible that in our experiment, cognitive load increased further when we asked participants to report that the critical lure was a lie. According to FTT, remembering specific words, as opposed to the lists’ themes, requires reliance on verbatim trace memory and is likely to require more cognitive effort than simply remembering similar words with a semantic association. This increased cognitive load is probably also reflected in the DLPFC when we asked our participants to lie.

Further increasing cognitive load by adding additional effortful tasks can expose lies. Vrij et al. (2008) required mock suspects to tell their story to police officers in a chronologically backward order. With this additional cognitive load, the suspects could not suppress noticeable deception cues and the officers were better able to detect the liars. Our results, as well as those of others, show that fNIRS can detect differences in cognitive load (Fishburn et al., 2014) and could be used as an inexpensive, portable, and effective lie detector, at least for infrequent liars who seem to experience less cognitive load during deception (Li et al., 2018). Using fNIRS, computers and humans can be trained to distinguish truth from lies by simply viewing static images that reflect the relative changes in hemoglobin levels occurring in an interviewee’s prefrontal cortex during questioning (Vega et al., 2016). Combining fNIRS with a traditional polygraph system is an even better solution that significantly improves lie detection (Bhutta et al., 2015).

Though both false memories and deception produced more activation in prefrontal areas than true memories and correct rejections, we did not find an activation difference between the two conditions. This may indicate that our low-stakes deception task, in which participants were instructed to lie about remembering words on a list, does not produce the same level of cognitive processing required of intentional face-to-face deception. Indeed, Lin et al. (2021) report that in their poker game study, deliberate spontaneous deception produces higher activity in both the DLPFC and APFC than when participants are merely told to lie. In a similar recent fNIRS study with card players that focused exclusively on the APFC, the highest levels of activity occurred only in intentional face-to-face deception (Pinti et al., 2021). This most anterior region of the prefrontal cortex, which is poorly understood, has been implicated in numerous cognitive tasks including episodic memory retrieval, social cognition, and mentalizing – all tasks that are presumably necessary to meet the demands for effective intentional deception (Gilbert et al., 2006; Burgess et al., 2007). Taken together, our findings suggest that all types of memory activate the prefrontal cortex, especially the DLPFC, but false memories and deception, which likely require more cognitive resources, result in even higher levels of activity and that the coordination of several regions of the prefrontal cortex is involved in these processes.




General Discussion

Twenty-five years of research shows that the DRM (Deese–Roediger–McDermott) paradigm impressively produces false memories of non-presented critical lures as well as inaccurate remembering of other lures. These compelling indications of the DRM illusion occurred in the two investigations we report in this article. False memory researchers continue to publish new demonstrations of the DRM illusion while concentrating on advances that fall into at least three categories: theoretical accounts, strategies for reducing false memories, and real-world implications. As we address these classifications, we begin by briefly mentioning the disparate nature of our LDT and fNIRS investigations and then turn to spelling out the relationships between these research agendas.

They are certainly different lines of research. Study1 introduces a new approach to engendering false memory by using a lexical decision task as a priming agent. The fNIRS (functional near-infrared spectroscopy) experiment measures oxygenation changes in the prefrontal cortex. Our purpose was to leverage cognitive neuroscience findings to guide analyses of cortical changes across truth-telling, deception, and false memory. In a mostly traditional DRM paradigm, we examined these three in a within-participants design, a combination that is not a common research strategy (again see Abe et al., 2008 for a similar study). Deception occurred via intentional lying instructions, and in all phases of this experiment we collected neural correlate data. These different approaches to studying illusory memory share many similarities which permit an interesting window into how results from one DRM priming technique (LDT) under incidental memory testing conditions generalize to findings obtained under another DRM experimental design using intentional memory instructions. Indeed, the behavioral results for true and false memory across experiments indicate DRM priming is powerful even without intent to remember.

Response times were similar for true and false memories, a finding observed in both the laboratory project and the fNIRS study, so RT was not a distinguishing factor. Both investigations tested recognition memory with a focus on DRM-created memories in the genre of spontaneous false memories, as opposed to implanted (suggested) false remembrances. In DRM studies, including our LDT and fNIRS research, experimenters do not actively cause inaccuracies. Rather, via autosuggestion participants generate faulty theme-consistent memories (Brainerd and Reyna, 2005). These semantically based illusory memories are consistent with AMT’s positions concerning activation at encoding and monitoring failures at retrieval, and with FTT’s reasoning grounded in the formation of strong gist traces. These theories are compatible with the more-is-less pattern of increases in true memory accompanied by increases in false memory (Toglia et al., 1999) that we saw in both investigations. Though participants demonstrated very good target recognition, their overall accuracy suffered by committing high levels of false recognition memory. This constitutes an argument for memory impairment in the DRM paradigm.

Both investigations employed many of the same DRM lists. The LTD studies involve the lists of Toglia et al. (1999) which successfully fomented false memories at levels sufficient to potentially see the illusion with incidental memory assessment. In the fNIRS experiment the chosen DRM study lists corresponded to highly “identifiable” critical lures. This means that the LDT lists also referred to decidedly identifiable critical lures. Regardless, robust false memory levels occurred in the present investigations! This suggests that in daily life some false information is likely discernable as untrue and yet people may believe such easy to identify false messages, subsequently expressing them as memories deemed accurate. Thus, identifiability does not seem to serve as an implicit warning to reduce false memory, a conclusion consistent with failures of explicit warnings to attenuate illusory recollections (Neuschatz et al., 2001). Our behavioral findings on lying are relevant here because instructions to intentionally lie are the ultimate form of warning participants of the existence of the DRM illusion. Nevertheless, we saw that participants failed about 20% of the time to provide the lie that critical lures had been previously heard. Apparently, they ignored or forgot the instructions. Forgetting is quite possible because we’d expect verbatim traces of instructions to fade quickly in this context (Reyna and Brainerd, 1995). A related possibility involving loss of verbatim information, raises the notion that a memory lapse here is more complex than just not recalling an instruction. What if participants simply do not remember some of the critical lures for which they were asked to provide a lie? This scenario or a combination of the two suggest forgetting is far more plausible than mere ignorance. Thus, lying might not always occur under conditions that should permit perfect identifiability of the lure words. We also favor this forgetting explanation because it fits with the cognitive load problems exposed in the fNIRS study.

The preceding argument leads to two issues. The first is a reminder of links between false memory and deception which portend real-world applications. Our fNIRS findings, which show different degrees and/or patterns of activation in several prefrontal regions for true memories, false memories, and lies, are consistent with the notion that these constructs are in fact different (Ceci et al., 1987; Loftus, 2005).

The second, as we mentioned, is that similarities between false memory and deception points to a positive example of ecological validity. We are aware of concerns about the external validity of the DRM procedure (Baioui et al., 2012), but the paradigm offers a straightforward way to examine issues relevant to a large body of work on schematic knowledge. Also, as noted in the Introduction, DRM experiments yield findings that line up with experimental results reported with stimulus materials regarded as more ecologically valid. These stimuli include sentences, prose passages, pictures, and visual scenes.

External validity leads us to thoughts on future paths for behaviorally-oriented DRM research and for the paradigm’s role in advancing strides in cognitive neuroscience. As in many DRM studies, our participants are young adults. Extending both of our investigative techniques to testing children, middle-aged adults, and older adults will diversify our sample and add to the literature concerning the developmental trajectory of false memories (Brainerd et al., 2011). Our methodologies, especially the LDT priming, might also be useful for special populations – like individuals with intellectual disabilities such as autism spectrum disorder (Beversdorf et al., 2000). Our LDT procedure would enable us to explore individual differences such as the Need for Cognition trait that we included in the fNIRS study. Our recommendations to this juncture have been at the behavioral level.

At the neurophysiological level, considerable brain imaging research has attempted to distinguish between true and false memories and we have cited a number of studies that converge on the conclusion that these memories generally tend to show activation in the same cortical areas. Our current experiments are concordant with this conclusion but a nagging question is whether thematically-oriented pathways exist that signal the presence of false messages and lies. Answering this will require more extensive imaging experiments that concentrate on regions of distinction such as the anterior prefrontal cortex.
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Anodal
Headache 1.28 (054)
Neck pain 1.82 (0.63)
Scalp pain 1.17 (0.48)
Tingling 1.88 (0.80)
Stinging/itching 1.68 (0.80)
Burning sensation 1,62 0.77)
Reddening of the skin 1.68 (0.63)
Drowsiness 1.62 0.77)
Concentration problems 1.68 (0.85)
Severe mood swings 1.04 (0.20)

Cathodal

1.31(068)
1.46 (0.81)
1.08(027)
1.92 (0.84)
1.92(0.84)
1.68(0.76)
1.84(0.73)
1.64 (0.86)
1.61(0.70)
1.15 (0.46)

Sham

1,37 (0.56)
1.41(082)
1.00(0)
1,89 (0.80)
1,67 (0.89)
1.41(0.75)
1.11(032)
1,87 (062)
1.70 (0.67)
1,00 (0.00)

0.76
3.46
3.36
0.04
1.81
0.98
19.28
0.47
0.34
371

0.684
0.178
0.187
0.981

0.405
0612
<0.001
0.791

0.842
0.156

Pairwise comparisons

A>8§C>8

Participants rated the side-effects on a scale ranging from 1 to 4 (1: absent; 2: mild; 3: moderate; 4: severe).
*p-values from Kruskal-Wallis tests and Dwass-Steel-Critchlow-Fligner pairwise comparisons for significant effects.
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True recognition

High FAS 7411 (2.36)
Low FAS 72.86 (8.91)
Unrelated critical-lure

distractors

Unrelated distractors

Standard deviations are reported in parenthesis.

False recognition

20.12 (12.72)
18.57 (10.70)

5.67 (7.78)
5.92 (7.48)
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List DISTRACTOR LIST CRITICAL LURES: Associated words General FAS FAS FAS FAS list

theme distractor 1 distractor2 distractor3 distractors
List1  ATTRACTIVE, GORGEOUS, SEXY: pretty, beautifu, gir, man, handsome, woman  Pretty 0609 0.420 0226 1.255
List2  GOUNTY, LOCAL, PROVIDENCE: city, tate, place, country, area, town Place 0454 0139 0335 0928
List3  DRAWING, PAINTER, PAINTING: ar, picture, artst, paint, color, canvas Paint 0497 0422 0538 1.457
Lst4  CRUDE, REPULSIVE, VULGAR: rude, gross, disgusting, mean, ugly, nasty Disgusting 0510 0546 0393 1.449

List5  AX, CHISEL, HATCHET: hammer, knife, chop, tool, cut, saw Tools. 0.263 0.466 0.240 0.969
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List FAS TRlist FRlist FRLure1 FRLure2 FRLure3 FASLure1 FASLure2 FASLure3 BASLure1 BAS Lure2 BAS Lure3

condition
List 1 High 7833 500 15 0 0 0.626 0.865 0.810 0015 0.000 0.107
List2 Low 7750 833 5 20 0 0271 0219 0.168 0.000 0.000 0.000
List3 High 9417 15.00 15 15 15 0.664 0.627 0.544 0.051 0.000 0.184
List4 Low 7500 2167 10 50 5 0.337 0.288 0.354 0.032 0.686 0.000
List5 High 7500 1667 30 10 10 0.544 0.421 0.684 0014 0.000 0.054
List6 Low 7917 2833 30 35 20 0275 0.148 0.204 0.082 0014 0.021
List7 High 7250 333 5 5 0 0.848 0.400 0.307 0.124 0.000 0.000
List8 Low 7333 10.00 15 10 5 0.368 0.446 0.229 0.116 0.000 0.000
List9 High 8167 3833 20 40 55 0.658 0.355 0516 0.067 0.056 0.196.
List10  Low 8667  36.67 40 40 30 0.137 0.190 0.127 0553 0.786 0.067
List11  High 7083 10.00 20 10 0 0.539 0.480 0.370 0.355 0.000 0.000
List12  Low 7167 833 10 10 5 0.393 0210 0.322 0.000 0.162 0.000
List13  High 7000 2167 25 25 15 0.753 0.248 0.391 0.024 0,015 0.000
List14  Low 7250 833 10 10 5 0.223 0.258 0.261 0.168 0.016 0.000
List15  High 7667 3833 [} 40 75 0.758 0.407 0.746 0.155 0.050 0519
List16  Low 6417 25.00 15 15 a5 0.194 0676 0.242 0.000 0.155. 0.092
List17  High 8167  45.00 45 20 70 0.265 0.476 0.739 0.090 0.000 0.988
List18  Low 7333 1833 30 10 15 0.421 0.140 0311 0.126 0.000 0.028
List19  High 7500 15.00 25 10 10 0.829 0.700 0.732 0.183 0.089 0.091
List20  Low 8333 2833 40 20 25 0375 0.236 0.220 0.170 0.047 0.100
List21  High 6417 25.00 5 15 55 0.755 0.204 0.341 0,015 0.000 0.356
List22  Low 7000  35.00 5 35 65 0.158 0.265 0.321 0.000 0.036 0.163
List23  High 6333 2167 o 60 5 0.385 0576 0.283 0.020 0.723 0.034
List24  Low 6917 10.00 15 10 5 0212 0.254 0.145 0.220 0.092 0.000
List25  High 5583 10.00 5 [} 25 0.276 0.247 0.550 0.000 0.000 0.000
List26  Low 4917 5.00 10 o 5 0.322 0.240 0471 0.000 0.000 0.000
List27  High 7833 1667 0 a5 5 0.660 0.727 0576 0.097 0.143 0013
List28  Low 7500 1667 20 30 o 0275 0.202 0210 0014 0.165 0.000
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List

List 1
List2
List3
List4
List5
List6
List 7
List8
List9
List 10
List 11
List 12
List 13
List 14
List 15
List 16
List 17
List 18
List 19
List 20
List21
List 22
List 23
List 24
List25
List 26
List 27
List 28

CRITICAL LURES: Associated words

ADVIL, EXCEDRIN, TYLENOL: headache, aspirin, medicine, pain, pil, drug
OPERATION, SURGERY, TRAUMA: pain, hospital, blood, heart, hurt, sick

BOURBON, BRANDY, VODKA: diink, alcohol, liquor, drunk, whiskey, rum

BOTTLE, DRINK, WHISKEY: beer, drunk, liquor, wine, glass, alcohol

COLONEL, CORPORAL, LIEUTENANT: amy, sergeant, miltary, officer, captain, general
COLONEL, COMMANDER, CORPORAL: sergeant,lieutenant, miltary, general, captain, officer
SOCCER, SOFTBALL, VOLLEYBALL: bal, game, sport, footbal, team, play

PLAYER, SPORTS, VOLLEYBALL: footbal, game, basketball team, tennis, socoer
BURIAL, BURY, GRAVE: dead, death, funeral, cemetery, die, ground

DEAD, DEATH, DIE: sad, end, funeral, bury, heaven, grave

SHOWER, SPONGE, WASHCLOTH: clean, water, bath, soap, wet, wash

‘SPONGE, TOWEL, WASHCLOTH: water, bath, soap, wet, rag, wash

GROPS, FARMER, HARVEST: com, farm, food, wheat, field, vegetables

CAKE, DESSERT, PASTRY: sweet, food, pie, fat, good, yummy

PURCHASE, SALE, SHOP: buy, store, clothes, money, mall sel

PRODUCT, PURCHASE, SALE: buy, item, store, sell, car, price

BURGLAR, THEFT, THIEF: steal, robber, crook, crime, criminal, bad

BURGLAR, FRAUD, ROBBERY: thief, steal, crime, money, crook, criminal

JUPITER, NEPTUNE, URANUS: planet, mars, pluto, saturn, venus, space

JUPITER, NEPTUNE, PLUTO: mars, saturn, venus, uranus, moon, space
ASSIGNMENT, LESSON, STUDY: homework, work, school, book, class, test

ESSAY, HOMEWORK, STUDY: school, book, work, boring, long, test

NORM, NORMAL, ROUTINE: abnormal, average, same, regular, usual, boring
COMMON, ROUTINE, STANDARD: same, everyday, usual, average, ordinary, regular
COMMENT, REMARK, RESPOND: answer, talk, say, speak, reply, tel

COMMENT, REMARK, SUGGEST: talk, answer, opinion, say, tell, speak

GLARINET, TRUMPET, TUBA: instrument, music, hon, flute, band, blow

TROMBONE, TRUMPET, TUBA: band, loud, fute, brass, clarinet, blow

General theme

Medicine
Medicine
Alcohol
Alcohol
Army
Army
Sports
Sports
Death
Death
Soap
Soap
Food
Food
Buy
Buy
Grime
Crime
Planet
Planet
School
School
Normal
Normal
Tak
Talk
Music
Music

FAS condition

High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
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One lure Three lures

High BAS Low BAS High BAS Low BAS

True recognition 56.14 (12.08) 58.99 (7.50) 55.23 (10.66) 59.34 (11.62)
False recognition 37.04 (19.91) 40.56 (15.28) 25.46 (16.01) 36.30 (14.13)
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True recognition

False recognition

False alarms to unrelated critical-distractors
False alarms to unrelated distractors

63.75 (14.83)
41.25 (19.19)
8.86 (12.31)
6.80 (6.36)

63.80 (9.86)
4214 (15.48)
11.18 (12.55)
13.15 (11.26)

61.73 (12.04)
26.19 (14.92)
6.79 (10.65)
7.71 (10.58)

64.61 (12.73)

36.90 (14.13)

12.14 (16.18)
8.71(9.22)
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CRITICAL LURES: Associated words
(Approximated English translation)

GUERRA, MALO, MIEDO: espia, infierno, pufio, pelea, rapto, mortal

(WAR, BAD, FEAR: spy, hell, fist, fight, abduction, mortal)

EXAMEN, FAGIL, TRABAJO: ejercicio, introduccion, aplicacion, exigencia, memoria, importante
(EXAM, EASY, WORK: exercise, itroduction, application, demand, memory, important)
ANGUSTIA, LLORAR, PENA: llanto, afligido, deprimido, desazon, alivio, vitimismo
(ANGUISH, TO CRY, SORROW: crying, mournful, depressed, unease, relief, sense of victimization)
HONOR, NOBLEZA, PERSONA: lealtad, nobiliario, integridad, orgullo, solemnidad, duque
(HONOR, NOBILITY, PERSON: loyalty, nobilty, integrity, pride, solemnity, duke)

DOLOR, MUERTE, TRISTEZA: odio, hambre, inanicién, morir, huérfano, consolado

(PAIN, DEATH, SADNESS: hatred, hunger, starvation, to die, orphan, comforted)

LIMPIEZA, SUCIEDAD, SUCIO: limpiar, gérmenes, basura, bastoncillo, fregadero, servilleta
(CLEANLINESS, DIRT, DIRTY: to clean, germs, trash, cotton swab, sink, napkin)

BOSQUE, CAMPO, MONTE: natural, conejo, valle, liebre, roble, refugio

(FOREST, FIELD, HILL: natural, rabbit, valley, hare, oak, refuge)

ALEGRIA, CONTENTO, SONRISA: carcajada, jubiloso, animado, agrado, agradecer, esperanzado
(JOY, PLEASED, SMILE: guffaw, jubilant, cheerful, kindness, to thank, hopeful)

BEBE, CARINO, NINO: dulzura, hijo, tierno, protegido, acurrucarse, peluche

(BABY, FONDNESS, CHILD: gentleness, son, tender, protected, to cuddle, teddy)

CAMISA, PANTALON, ROPA: chaqueta, jersey, suéter, roto, rayas, arrugado

(SHIRT, TROUSERS, CLOTHING: jacket, jersey, sweater, torn, stripes, wrinkied)

DIVERSION, FIESTA, NOCHE: club, marcha, droga, alcohol, concierto, cantar

(FUN, PARTY, NIGHT: club, going out, drug, alcohol, concert, to sing)

JUEZ, JUICIO, LEY: juramento, enmienda, justo, defensor, penal, defendido

(JUDGE, TRIAL, LAW: oath, amendment, fair, defender, criminal, defendant)

ENFERMO, HOSPITAL, MEDICO: medicina, salud, dolencia, visita, virus, intermno

(SICK, HOSPITAL, DOCTOR: medicine, health, ailment, visit, virus, internal)

INTELIGENCIA, LISTO, SABIO: erudicién, genio, inculto, tenacidad, cientifico, elocuencia
(INTELLIGENCE, SMART, WISE: erudition, genius, uncultured, tenacity, scientific, eloquence)
CURA, IGLESIA, RELIGION: papa, doctrina, blasfemia, reverencia, mistico, stplica
(CLERGYMAN, CHURCH, RELIGION: pope, doctrine, blasphemy, reverence, mystic, plea)
CLASE, COLEGIO, ESCUELA: primaria, leccion, aprender, academia, punzén, promocion
(CLASS, SCHOOL, SCHOOL: elementary school, lesson, to learn, academy, punch, class)
DESASTRE, HORROR, MUERTE: masacre, fatalidad, catéstrofe, terremoto, tragedia, barbarie
(DISASTER, HORROR, DEATH: massacre, fataltty, catastrophe, earthquake, tragedy, brutality)
FOLIO, HOJA, PAPEL: doblar, margen, grapa, copia, clip, arrugado

(FOLIO, SHEET, PAPER: to fold, margin, staple, copy, clip, crumpled)

DIOS, IGLESIA, MISA: mandamiento, oracion, bendecir, devocion, comunin, gloria

(GOD, CHURGH, MASS: commandment, prayer, to bless, devotion, communion, glory)
LAGRIMA, LLORAR, TRISTEZA: lacrimal, llanto, despedida, emocién, infeliz, llover

(TEAR, TO CRY, SADNESS: lachrymal, crying, farewell, emotion, unhappy, to rain)

ABRIGO, CHAQUETA, ROPA: cuero, gabardina, botén, colgar, chaleco, corchetes

(COAT, JACKET, CLOTHING: leather, gabardine, button, to hang, vest, snap fastener)
ALCOHOL, BEBER, BEBIDA: ron, cerveza, tomar, botella, bar, copa

(ALCOHOL, TO DRINK, DRINK: rum, beer, to drink, bottle, bar, drink)

BOSQUE, CAMPO, MONTE: excursion, seta, cabafia, ciervo, verde, pradera

(FOREST, FIELD, HILL: excursion, mushroom, cottage, deer, green, meadow)

AMOR, CARINO, MADRE: ternura, dulzura, hijo, apreciacion, consuelo, comprension

(LOVE, FONDNESS, MOTHER: tenderness, gentleness, son, fondness, comfort, comprehension)
CINE, PELICULA, TEATRO: actor, actriz, estrena, actuar, comedia, reparto

(CINEMA, FILM, THEATER: actor, actress, premiere, to act, comedy, cast)

INTELIGENCIA, LISTO, SABIO: astucia, sabiduria, ingenio, erudicion, genio, inculto
(INTELLIGENCE, SMART, WISE: astuteness, wisdom, ingenuity, erudition, genius, uncultured)
CARCEL, LADRON, POLICIA: detencién, robo, mazmorra, delito, persecutoria, vigilancia
(JAIL, THIEF, POLICE: detention, robbery, dungeon, crime, relative to persecution, vigilance)
FUMAR, HUMO, TABACO: pipa, puro, cenicero, pulmones, mechero, habano

(TO SMOKE, SMOKE, TOBACCO: pipe, cigar, ashtray, lungs, lighter, havana cigar)

AGUA, BARCO, MAR: marina, salvavidas, dique, naufrago, isla, exportacion

(WATER, BOAT, SEA: marine, lifejacket, dyke, castaway, island, exportation)

MUSICA, RUIDO, SONIDO: acstica, tambor, tono, cascabel, sonar, grillos

(MUSIC, NOISE, SOUND: acoustic, drum, tone, rattle, to sound, crickets)

ENFERMEDAD, HOSPITAL, MEDICO: clinica, sanidad, paciente, sarampion, dolencia, curar
(DISEASE, HOSPITAL, DOCTOR: clinic, health service, patient, measles, ailment, to heal)
DINERO, SUELDO, TRABAJO: empleo, jornal, aumento, ganancias, jefe, mensual

(MONEY, WAGE, WORK: job, day wage, raise, profits, boss, monthly)

Lists Appear in Increasing Order of BAS per List.
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Group Agreement  Positive Negative  Personal Social

Young 4.18(0.43) 4.65(0.66) 3.64(0.75) 4.14(0.33) 4.13(0.64)
Middle-aged  4.01 (0.65) 4.55(0.88) 3.37(0.67) 3.64(0.66) 4.27 (0.69)
Older 4.20(0.78) 4.51(0.98) 3.81(0.86) 4.01(0.86) 4.32(0.77)
Total 414 (0.61) 4.58(0.82) 3.61(0.77) 3.96(0.65 4.23(0.69)
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Group

Young
Middle-aged
Older

Total

Recall

0.30 (0.14)
0.19 (0.11)
0.25(0.12)
0.26 (0.13)

Positive

0.30(0.16)
0.19 (0.12)
0.31(0.16)
0.27 (0.16)

Negative

0.31(0.14)
0.20 (0.15)
0.20 (0.11)
0.25 (0.15)

Personal

0.29 (0.17)
0.19 (0.14)
0.23(0.13)
0.24 (0.15)

Social

0.31(0.14)
0.20 (0.13)
0.28 (0.18)
0.27 (0.16)
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From negative to neutral From negative to positive

Group Change Personal Social Change Personal Social

Young 0(0) 0(0) 0(0) 0.09 (0.29) 0(0) 0.18(0.58)
Middle-aged 0.07 (0.17) 0(0) 0.13(0.34) 0.02 (0.10) 0(0) 0.04 (0.21)
Older 0.15 (0.24) 0.09 (0.29) 0.22 (0.42) 0.04 (0.14) 0(0) 0.09 (0.29)
Total 0.06 (0.17) 0.03 (0.16) 0.10 (0.30) 0.06 (0.21) 0(0) 0.11(0.42)
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Correct details T2
Omissions T1
Omissions T2
Commissions T1
Commissions T2

TAS-DIF

0.11,0.80,0.42
0.15, 1.0, 0.29
—-0.09, -0.66, 0.61
0.03,0.22,0.83
0.01,0.07,0.94
—-0.13, -0.91,0.37

TAS-DDF

—0.09, -0.61,0.54
—-0.04, -0.26, 0.80
0.16,1.13,0.26
0.10, 0.70, 0.49
—-0.11, =0.75, 0.46
0.0, 0.35,0.72

Btp
TAS_EOT

—0.18, -1.55,0.12
-0.08, -0.27,0.79
-1.17, 154,013
—0.39, -3.68, <0.001
0.05, 0.46, 0.65
0.02,0.19,0.85

TAS-DIF*EF

—-0.08, -0.28,0.78
0.16,0.57,0.57
-0.07, -0.25,0.81
0.29, 1.49,0.30
0.14, 0.50, 0.62
—-0.12, -0.43,0.67

TAS-DDF*EF

0.02,0.07,0.94

0.03,0.10,0.92

0.11,0.39,0.70
—-0.29, -1.00, 0.32
—0.14, -0.49, 0.63
<0.001, 0.003, 0.99

TAS-EOT*EF

—0.44, —1.93, 0.56
—0.47, -2.11,0.04
0.15, 0.68, 0.50
0.16,0.75,0.46
0.18,0.81,0.42
—-0.57, -2.56, 0.01
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Memory scores T T2

Correct detals 087 (0.07) 0.41(0.08)
95% C1(0.36, 0.38] 95% C1[0.40, 0.43]

Omissions 0.40 (0.10) 0.34(0.11)
95% C1(0.38, 0.41) 95% C1(0.32, 0.36]

Commissions 023 (0.09) 058 (0.08)
95% C1(0.22, 0.25] 95% C1[0.57, 0.60]

Standard deviations and 95% Cl are shown between parentheses.
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EFs scores

Shifting 85.98 (32.44)
95% CI [79.85 - 92.11]
Inhibition 300.38 (32.44)
95% CI [396.38 - 312.39]
Updating 14.80 (3.35)
95% CI [14.16 - 14.85]
Aggregate score 1958 (13.07)

95% CI[17.11 - 22.05]

In particular; the Shifting score refers to the time employed in seconds, the Inhibition score
is the average of comect responses, and the Updating score is the average of words
reported. Standard deviations and 95% Cl are shown between parentheses.
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4year olds

Intelligence 10.98 (3.01)
Parent Education  4.19 (1.89)
Accuracy
One correct 22 (51%)
Two correct 17 (40%)
N 43

6 year olds

11.18 (2.58)
4.32(1.08)

16 (36%)
25(57%)
a4

8year olds

11.23(2.22)
4.09(1.04)

12 (27%)
29 (66%)
44

12 year olds

11.05 (2.26)
4.19(0.96)

18 (41%)
23 (52%)
44

For intelligence, parent education and accuracy, values are mean (standard deviation), all
other values are sample size. Parent education is coded on a six-point scale and averaged
across parents: 1, did not complete high school; 2, high school graduate; 3, some college
attendance; 4, college completion; 5, some post-baccalaureate coursework; 6, PhD or

professional degree.





OPS/images/fpsyg-12-691276/fpsyg-12-691276-t002.jpg
Some high school or less
High school diploma/GED
Some college

College degree

Some graduate school
Graduate degree
Unreported

Parent 1

22
35
46

22

Parent 2

0
10
23
51
58
28

5






OPS/images/fpsyg-12-691276/fpsyg-12-691276-t001.jpg
Two accusations T 1 accusation only  No accusation

Age 7.81(1.09) 8.76 (1.59) 866(1.13)
Intelligence 62.20 (6.84) 64.05 (11.80) 63,6 (4.1
Suggestibilty 982(5.17) 10,00 (421 9.06(4.30)
N 11 22 18

Values displayed are means (standard deviations in parentheses). Two particioants made
an accusation in the second interview but not the first, due to the small number they are
excluded from the table. @1-2 participants missing scale data.
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University students (N/A)

University students (N/A)

Young aduts (30.70)

Young adults (29.70)

University students (N/A)

University students (N/A)

University students (20.00)
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Universily students (20.63)

University students (19.75)

University students (22.48)
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Young adults (29.69)

Language proficiency and background

L1: dominant language
12: 7 years of acadenic training

Participants ived in Japan

L1: dominant language

L2: 851 years of experience/acadenic training

Participants were exchange students in the
United States

L1: 75% at home, 45% at work, and 60%
with friends

L2 (dominant language): 50% at home, 75% at
work, and 80% with friends

Participants ived in the Urited States

L1 (dominant language): 100% at home, work, and
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L2:fving n an L2 speaking country

Participants ived n the United States.

L1 (dominant language): 100% at home, work, and
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Allved in an L1 community in Canada.

L1 (dominant language): proficiency

self-report = 9.35/10

L2: proficiency self-report = 8.40/10

Participants lived n the United States.

L1: dominant language

L2: participants were formally studying a third-term
Spanish course. Proficiency self-eport = 6.32/10
Participants lived in the United States.

Li: dominant language

L2: studied on primary and secondary school
Proficiency self-report = 5.26/10

Participants lived in Spain

L1: dominant language

L2: participants were formally studying Engiish, 26
at elementary (low) level and 26 at advanced (high)
level.

Proficiency self-report: low = 4.31/10, high = 7/10
Participants lived in Spain

L1: dominant language

L2: studied on primary and secondary school.
Proficiency self-report = 6.02/10

Participants lived in Spain

L: dominant language

L2: partiipants were formally studying English, 58
at elementary (ow) level, 59 intermeciate (ic) level,
and 47 advanced (nigh) level. Proficiency
seff-report: low = 6.36/10, mid = 6.54/10,

high = 6.89/10

Participants lived in Spain

False recognito rates are reported as mean proportions. L1, istlanguage; L2, second language; N/A, not avaiable.
"Means wero provided by the frst author in Kawasaki-Miyajiof . (2008) and estimated form Figure 4 in Howo o 4. (2008,
2The comparison was not tested statistically
Analyses were conducted on corrected scores in Anastasi ot al. (2005) and sensitty scores in Sahii ot al. (2005)
“Some participants reported using both languages in various environments.
5Only means for the first study-test trial are reported to be comparable to the other studies.
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Listitem BAS

Blouse 0.647
Sleeves’ 0.347
Collar 0342
Shorts 0252
Button 0.240
Pants 0.185
Polo 0177
Jersey 0.174
Vest 0.143
Cufs 0.143
Tie" 0.074
Pocket 0.058

*Strongly related lure used in Experiment 1. "Weakly related lure used in Experiment 2.
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32
085 (0.05)
0.10(0.03)
253(0.22)
1.36 0.15)
0.46 (0.09)
0.13(0.04)
1.00(0.27)
1.15 0.16)
0.16 (0.05)
0.11(0.05)
0.19(023)
125(0.17)

Experiment 2: weakly related lure

Read

34
083(0.03)
0.10(0.04)
2.41(0.20)
1.39(0.17)
066 (0.07)
0.18(0.06)
1.45(0.21)
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0.48(0.19)
142013

Gen

34
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0.38(0.14)
1.57 (0.06)

Pooled experiments
Read Gen
66 66
0.80(0.03) 085 (0.03)
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062 (0.04) 0.48 (0.06)
0.18(0.04) 0.13(0.03)
1.33(0.14) 110 (0.19)
098 (0.13) 1.17 0.11)
023 (0.04) 0.14(0.03)
0.09(0.08) 006 (0.03)
049 (0.18) 029(0.13)
1.30(0.11) 1.41(0.10)
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Authors Exp. N Experimental paradigm Unexpected (IB) stimulus Noticing rate
Control stimulus  Unexpected Different from
stimulus control?
Simons and Schiosser 175 Stimulated traffic stop Gun on dashboard of car NA 52.6% N/A
(2017)
Néisholm et al. (2014) 171 Watch video and verbally Person leaving suspicious Pirate: 21% Package:55%  Yes
describe events package or person dressed in
pirate costume
Rivardo et al. (2011) 187 Count shirts or bags in a video of Individual stealing a bag Counting shirts:  Counting bags: ~ Yes
atheft of abag 19% 38%
Beanland et al. (2018) 111 Report specific items from a Threat word or not threat word Non-threat: Threat: Yes
visual field 1% 19%
New and German 1252 Line judgement task llustrations of spider and needle  Needle: 53% Spider: 81% Yes
(2015)
2 320 Linejudgement task llustrations of spider, needle,  Needle: 53% Spider:80% Yes
and fly
Fly:73% No
Gao and Jia (2017) 192 Counting number of color words  llustrations of threat and Low load: 35.4%  Low load: 60.4%  Yes
non-threat objects
Highload: 19%  Highload: 35%  No.
Wiemer et al. (2013) 120 Line judgement task Flower picture and spider picture  Flower: 58% Spider: 52% No
Calviloand Hawkins 1 168 Searching for a word Line drawings of threat and Non-threat: 39%  Threat: 50% No
(2016) non-threat objects
2 238 Line judgement task Pictures of threat and non-threat  Non-threat: 53%  Threat: 32% Yes, threat was
objects noticed less
Stothart et al. (2017) 1 576 Playedvideo game avoiding  Square the same color as most  Unrelated color:  Most costly: 30%  Yes, cost was
costly missiles costly missiles 62% noticed less
2 595 Played video game avoiding  Square the same color as most  Unrelated color:  Most costly: 53%  Yes, cost was
missiles costly missiles 0% noticed less
3 599 Played video game avoiding Square the same color as Unrelated color: Missiles: 44% Yes, enemies and
missiles and hitting targets missiles or target 8% Target: 55% friends noticed
less
Redlich et al. (2019) 1 277 Line judgement task Colored square associated with  No reward 62.11% No
high reward associated:
70.79%
2 260 Counting shape bounces Colored shape associated with  No reward 29.41% No
high reward associated:
31.03%

Note. Not all stimuli from every experiment is included in this table, only those relevant to the present review.
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With Without t(70) P

perpetrator perpetrator
State anxiety (day 1) 34.92 + 7.54 35.39 + 9.62 —0.23 0.8
State anxiety (day 2) ~ 32.43 + 7.84 32.24 +7.94 0.10  0.91
State anxiety (day 8) ~ 34.87 + 8.85 32.75 + 8.56 1.02  0.30
Trait anxiety 38.02 + 8.76 37.30 + 9.31 033 073
Depression 8.46 + 5.89 10.00 + 6.56 -1.04 0.29
Sleep quality 6.69 + 3.13 6.84 + 4.22 —021 083

Mean state anxiety (day 1, 2, and 8), trait anxiety, depression, and sleep
quality £ SD. A two-tailed t-test was used to compare symptom scale scores
between the With/Without perpetrator groups.
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With perpetrator Without

group perpetrator group
N 39 33
Age 29.33 + 5.61 28.45 +7.16
Gender Females 79.48% 78.78%
Males 17.94% 21.21%
Non-binary 2.56%
Education  High school graduates 10.25% 9.09%
College students 17.94% 33.33%
College graduates 71.79% 51.51%

Number of participants in each group, mean age + SD, percentage of different
genders, and education level.
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From positive to neutral

From positive to negative

Group Change Personal Change Personal Social

Young 0.03 (0.12) 0.06 (0.24) 0.11 (0.30) 0.03 (0.17) 0.18(0.58)
Middleage 0.04 (0.14) 0(0) 0.04 (0.14) 0(0) 0.09 (0.29)
Old 0.02 (0.10) 0(0) 0.09 (0.19) 0.04 (0.21) 0.13(0.34)
Total 0.03 (0.12) 0.03 (0.16) 0.08 (0.23) 0.03 (0.16) 0.14 (0.45)
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() Memory (J) Memory Mean difference df Sig

(=)
Correct new Correct old (Hit) 2.79E-06 3264.113 0.851
(Correct rejection)
Deception —7.431E-5* 3267.423 <0.001
False —7.080E-5* 3263.795 <0.001
Wrong new —9.5622E-5" 32683.795 <0.001
Wrong old —3.997E-5* 3263.795 0.007
(miss)
Correct old Deception —7.710E-5" 3267.839 <0.001
(hit)
False —7.359E-5* 3264.113 <0.001
Wrong new —9.801E-5* 3264.113 <0.001
Wrong old —4.276E-5* 3264.113 0.004
Deception False 3.51E-06 3267.423 0.814
Wrong new —2.09E-05 3267.423 0.162
Wrong old 3.434E-5 3267.423 0.022
False Wrong new —2.44E-05 3263.795 0.099
Wrong old 3.083E-5 3263.795 0.037
Wrong new (false Wrong old 5.525E-5" 3263.795 <0.001
alarm)
(1) ROI (J) ROI Mean difference df Sig
(=)
LDLPFC LAPFC 5.096E-5* 3278.775 <0.001
LVLPFC 3.287E-5 3273.316 0.026
RDLPFC 1.21E-05 3263.956 0.401
RAPFC 7.151E-5* 3278.457 <0.001
RVLPFC 3.837E-5* 3273.355 0.009
LAPFC LVLPFC —1.81E-05 3289.922 0.235
RDLPFC —3.884E-5* 3279.203 0.009
RAPFC 2.06E-05 3271.672 0.178
RVLPFC —1.26E-05 3288.178 0.409
LVLPFC RDLPFC —2.08E-05 3271.615 0.159
RAPFC 3.864E-5* 3289.577 0.011
RVLPFC 5.50E-06 3271.86 0.714
RDLPFC RAPFC 5.939E-5* 3278.886 <0.001
RVLPFC 2.63E-05 3271.67 0.075
RAPFC RVLPFC —3.314E-5 3287.841 0.029

LDLPFC, left dorsolateral prefrontal cortex; LAPFC, left anterior prefrontal cortex;
LVLPFC, left ventrolateral prefrontal cortex; RDLPFC, right dorsolateral prefrontal
cortex; RAPFC, right anterior prefrontal cortex; RVLPFC, right ventrolateral
prefrontal cortex. * indicates (p < 0.01).
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RSA

Absent
Present
Total

No misinformation

0.07 (0.25, 62)
0.19 (0.40, 32)
0.11 (0.31, 94)

Misinformation

2.62(1.78, 222)
2.21 (1.29, 230)
2.41 (1.583, 452)

Total

2.06 (1.86, 284)
1.97 (1.38, 262)
2.02 (1.65, 546)
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RSA No misinformation Misinformation Total

Absent 3.00 (1.74, 34) 6.51 (1.67, 57) 5.20 (2.40, 91)
Present 3.65 (1.84, 31) 4.72 (2.70, 50) 4.31 (2.45, 81)
Total 3.31 (1.80, 65) 5.67 (2.38, 107) 4.78 (246, 172)
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RSA No misinformation Misinformation Total

Absent 4.44 (1.50, 50) 6.45 (2.11, 51) 5.46 (2.09, 101)
Present 4.08 (1.82, 52) 4.50 (2.59, 60) 4.30 (2.27, 112)
Total 4.25 (1.68, 102) 5.40 (2.57, 111) 4.85 (2.25, 213)






OPS/images/fpsyg-12-666707/fpsyg-12-666707-g003.jpg
Means of yielding to misinformation

F R

i I

No misinformation

- = [o RSA

Misinformation





OPS/images/fpsyg-12-691229/fpsyg-12-691229-i012.jpg





OPS/images/fpsyg-13-721961/fpsyg-13-721961-t003.jpg
Brain region/memory condition

LDLPFC correct old (hit)

LDLPFC correct new (correct rejection)

RDLPFC correct new (correct rejection)
LDLPFC correct lure (correctly reject lure)
RDLPFC correct lure

LDLPFC wrong old (miss)

RDLPFC wrong old (miss)

LDLPFC wrong new (false alarm)

RDLPFC wrong new

LVLPFC wrong new

RVLPFC wrong new
RAPFC wrong new
LDLPFC false memory
RDLPFC false memory

LVLPFC false memory
LAPFC false memory

LDLPFC deception

RDLPFC deception

Brain region/memory condition

RDLPFC correct old
LAPFC correct old
RAPFC correct old
RVLPFC correct new
LAPFC correct new
RAPFC correct new
RAPFC correct new
LDLPFC correct old
RDLPFC correct old
RDLPFC correct new
LVLPFC wrong old
LAPFC wrong old
RAPFC wrong old
LVLPFC wrong old
LAPFC wrong old
RAPFC wrong old
RDLPFC correct old
RDLPFC correct new
LDLPFC correct old
RAPFC wrong new
RDLPFC correct old
RDLPFC correct new
RAPFC wrong new
LVLPFC correct old
LVLPFC wrong old
LVLPFC correct new
RVLPFC correct new
RAPFC correct new
LDLPFC correct old
RAPFC false memory
RDLPFC correct old
RAPFC false memory
LVLPFC wrong old
LAPFC correct old
LAPFC wrong old
LAPFC correct new
RAPFC false memory
LDLPFC correct old
RAPFC deception
RDLPFC correct old

Mean difference

2.97E-05
4.48E-05
5.03E-05
5.80E-05
4.08E-05
5.89E-05
4.56E-05
2.05E-04
2.25E-04
1.81E-04
8.91E-05
9.40E-05
5.26E-05
1.01E-04
1.07E-04
6.80E-05
1.07E-04
7.97E-05
1.22E-04
1.18E-04
1.35E-04
1.05E-04
1.08E-04
1.11E-04
1.27E-04
1.14E-04
9.56E-05
6.61E-05
6.15E-05
6.81E-05
7.45E-05
4.85E-05
8.97E-05
1.30E-04
1.15E-04
1.26E-04
9.27E-05
7.21E-056
6.46E-05
1.01E-04

t

2.721
2.801
3.740
3.519
3.712
5.106
3.499
2.690
3.223
2.869
3.709
3.590
2.979
3.792
4.832
2.688
3.697
3.186
3.025
3.035
3.568
3.046
3.415
2.715
3.220
2.685
2.663
2.702
2.652
3.584
2.717
3.187
2.666
3.540
3.207
3.947
3.107
3.069
3.303
2.902

df

27
25
25
26
25
25
25
21
20
21
26
25
25
26
25
25
27
28
28
25
27
28
25
26
26
26
26
25
28
25
27
25
26
25
25
25
24
27
25
26

Sig
0.011
0.010
0.001
0.002
0.001
0.000
0.002
0.014
0.004
0.009
0.001
0.001
0.006
0.001
0.000
0.013
0.001
0.004
0.005
0.006
0.001
0.005
0.002
0.012
0.003
0.012
0.013
0.012
0.013
0.001
0.011
0.004
0.013
0.002
0.004
0.001
0.005
0.005
0.003
0.007

LDLPFC, left dorsolateral prefrontal cortex; LAPFC, left anterior prefrontal cortex; LVLPFC, left ventrolateral prefrontal cortex; RDLPFC, right dorsolateral prefrontal cortex;

RAPFC, right anterior prefrontal cortex; RVLPFC, right ventrolateral prefrontal cortex.





OPS/images/fpsyg-12-691229/fpsyg-12-691229-i013.jpg





OPS/images/fpsyg-12-691229/fpsyg-12-691229-i014.jpg





OPS/images/fpsyg-12-691229/fpsyg-12-691229-t001.jpg
Toolbox
Bathroom
Kitchen
Bedroom
Pantry
Desk

High

Pliers
Bar of soap
Pan
Lamp
Milk
Pen tin

Adjustable wrench
Sponge
Sink
Carpet
Rice
Stapler

Low
Torch Silicone
Razor Nail clippers
Coffee maker Napkins
Pillow Slippers
Dustpan Potatoes
Ruler Magazines

The reserve items appear in the adjacent column. Original cards were written in
Spanish, the native language of participants.
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